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ANALYTICAL  CONTENTS. 


PART  THE.FIEST. 

INTRODUCTION. 


CHAPTER  I. 

THE  EABTH  AS  A.  VUlHTBT. 

Definition  of  physical  geography'.  Allied  sciences  and  their  relations. 
General  outline  of  the  planetary  system.  Existence  of  ether.  Inces- 
sant and  varied  motions  of  masses  of  matter.  Nature  of  the  forces 
that  affect  matter.  Motion,  an  expression  of  heat,  light,  and  electri- 
city, and ,  convertible  into  one  or  other  of  them.  Spherical  form  of 
the  heavenly  bodies.  Position  of  the  earth  in  the  solar  system.  Mag- 
nitude of  the  earth.  Its  superficial  area  and  solid  content.  Distance 
of  the  moon.  Effect  of  the  moon  on  air  and  ocean.  Oceanic  and 
atmospheric  tides.  Distance  of  the  earth  £ram  the  sun.  Eesults  of 
excentrioity  or  alteration  of  the  elliptic  orbit.  Details  of  present  and 
former  excentrioity.  Kevolution  of  the  earth  round  the  sun.  Dimen- 
sions of  the  sun.  Conservation  of  the  equilibrium  of  the  solar  system. 
Phenomena  of  star-showers.  Belts  or  zones  of  material  particles 
intersecting  the  earth's  orbit,  Belation  of  our  solar  system  with  part 
of  the  stellar  system.     Pp.  1 — 8. 

Condition  of  the  earth's  interior.  Slow  succession  of  deposits.  Nature 
of  underlying  rocks.  Increasing  temperature  of  the  interior  of  tli* 
earth.  Penetration  of  rocks  by  water.  Interruptions  to  free  pas- 
sage. Greatest  depth  yet  attained.  Density  of  rocks  and  of  the  eiuth. 
Calculations  of  the  thickness  of  the  solid  crust.  Speculatiocs  eon- 
ceming  the  shifting  of  the  earth's  axis.    Pp.  8 — 10, 
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Hkterid  elementa.  Wide  range  of  some  of  them  thronghout  the  nnir 
Terse.  Three  forms  of  matter — solid,  liquid,  and  gaseons.  States  iis 
■which  the  most  important  elements  and  combinations  exist.  Behavioni 
of  certain  elements  and  combinations  on  exposure  to  heat.  Elements 
knovn  and  employed  in  their  simple  states.  Important  combinations 
of  elements.     Limit  of  natural  combinations.     Pp.10 13. 

Importance  of  oxygen  gas  and  the  part  it  plays  in  nature.  Hydrogen 
and  its  combinations.  Nitrogen.  Chlorfuc.  Silicium.  Aluminium. 
Potassium,  sodium,  and  calcium.  Nature  of  combinations.  Nature 
of  mixtures.  Importance  of  water  in  carrying  on  the  operations  at 
nature.  ElectJTe  affinity.  Cause  of  (^ng^  ^n  t^{9  materials  forming 
the  earth's  omrt,  "I^tjit^n  o|  p'bysieargeographT and diyisions^ 
theanbiecL     Pn.  1.4 in 


theiubj^    j?p.  13— 18." 


CHAPTEEIL 

PET8ICAX  ZOBCIS. 


„ **'°8i;    Yl^f,  °^  f^H^f'O'    ^V^^pl?^  °f  matter  never  in. 

actual  contact,     ehenncal  action.    Vital  energy.     Convertibility  o* 


Fono  of  grayitatio 

actiMl  contact.  ^±±^±mM€»i  muuauu.  y  ibai  energy.  ^jonveniDiiniy  or 
motion  and  heat — various  illustrations  of  this.  Aeroliths.  Quantity 
of  heat  generated  by  the  same  amount  of  force  invariable.  Result  of 
impact.  Calculated  result  of  "impact  of  planets  with  each  other  or 
with  the  sun.  Nature  of  heat  as  a  form  of  motion.  TTnusual  condi- 
tions of  the  action  of  heat.  Conduction  of  heat  by  dilferent  bodies. 
Conduction  of  electricity."  DeTelbpment  of  heat  by  passage  of  an. 
electric  current.  Probable  nature  of  the  motive  power  developed  bv 
electricily.     Pp.  19—2.4.  .   ,.„      r  r        j 

Ifature  of  light.  Complex  condition  of  rays  from  the  sun.  OsciUatiojw 
5g,^J,i^fi?f»'B  V'^J  ?EPKeeiftted  by  the  senses  Vittin  oertam'lmitB. 
IIlustr^j;]|9nB  9^  %^.  g^on  of  light  in  producing,"  chemical  aoSon. 
Pmer^l?oe  Ijejgjse^  waves,  of.  light  and  waves  of  sound.  Tra^sparency 
\9M%  S?3  Wft'  Wt  id^nWcaL  Example  of  ice  anfwater  as  contrasted 
^ith  gj^s^,  ^)j,a.  air,  Water  not  transparent  to  heat.  '  Important  con- 
f^'jenpS?  of  this  fspt,  Absorption  and  radiation  of  heat  by  vapour 
m  thp  atmflsph>9l;e,  Absorption  of  rays  which  are  emitted  by  bodies 
not  transparept  to  heat.     Pp.  24—28. 

Chemic^actipij  a  fprm  of  motion.  Its  action  in  combination  and  de- 
composition, Hesjt  and  electricity  develop  forw.  Vital  erierev 
toother  form  pf  force.  The  forces  of  nature  correlative  and  intor- 
-ffl^?'';?-  ^'Pptricity  produces  magnetism.  Relations  of  vital  forc& 
witb  the  otter  ch^ef  forms  of  force.  In^estructibiHty  of  force  Im- 
portanpe  of  a  knowledge  of  physics  to  the  student  of  physical  eeo- 
gi-aphy.  Nature  of  polar  forces.  Magnetism  and  magnets.  Mae- 
"*^T.  i?T  ™^  '*^.^^-  ,  ^''*  °^  magnetic  metals.  D^-magnetisi, 
and  list  of  dia-magnetic  elements.  Position  assumed  by  a  suspended 
ffl8gne_t  Variation  of  this  position.  Lines  of  no  variation.  Deflec- 
^n  of  the  needle  Variation  of  the  magnetic  intensity.  Magnetic 
vtorms.    Aurora,  bprieahs  and  australis.    Pp.  28—32.  ' 
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CHAPTEB  in. 

TEE   BTICCESSIOy  OP  BOCEB. 


Oeology  necessary  for  the  study  of  physical  geography.  Use  of  palsoB' 
tology.  1.  Socks  and  tlteir  super-position, — Composition  of  rocki. 
Fundamental  rock.  QMiUit^  iiot  a  ^Ju^ile  i'obK  Varieties  of  granite 
History  ac.l  position  of  granite.  Fissures  in  granite  and  mineral  veins. 
Yalue  of  granites.  Circumstances  Undel^which  the  granites  hnve  been 
formed.  Water  present  in  ^VaViiies.  Trap  and  basalt.  Basalt  an 
ancient  lara.  Stratified  granite  or  gneiss.  Schists — their  nature  and 
origin.  Slates  and  their  origin.  Slates  exhibit  results  of  squeezing. 
Ilocko  overlying  the  slates,  ,  M£^han)cal  accumulations  and  results 
of  organic  Ufe.  General  uniformity  of  material  of  which  the  earth's 
crust  is  made  up.     Pp.  33 — 41.       _^ , 

2.  Order  and  disturbance  of  stratifica&on. — Stratification  due  to  water. 
Position  in  which  strata  have  been  , accumulated.  ,.Impo^i,bihb^j.,oj 
tKeir  bSiifg  Vlsifil^  H  i't  hUd  wt  been  for  mack  and  Keguent  brea^g 
and  HftS^I  of  de#8itk  Pird'babte  tis'tory  bf  tjSe  ptfinge,  and  rejOli 
'Of  debhd&tlM;  Kfesults  of  u^t'eaval. ,  AJ^sence  of  pefinife  prdfr.oi 
IniaerliK  %.  kU  strktified  ijeposi'ts.  Identification  jOf  strata  by  their 
^IrgaWii  c'bhten'fi.  Earliest  forins  of  organic  exis^,ence.  Nature,  of 
the  succession  of  rocks  as  indicated  by  fossils.  A,£setice  of  prooj^of 
JContiniliOtis  hSstory  by  adyancmg  types.  Gfgneral  sub-division  ie^A 
grot^lilg  of  focks.  Nature  and  meaning  of  the_  principal  grougs. 
Indi&atidilB  cH  tiSaiU.  Siih-divistpn's  bf  tiie  ol^er  .i^r  pi^leepzoic  group. 
iatoWi&B,  'C^i«%&j  and  X^tcer^Stturian^  ^UpperSiJmian  alid 
DevoiMMA,     CM-iiii^^^oiikmsiem.    Permian rocks.^    Limestone,  sattd- 

■     '   '"' '    '    *   '■*''"    "'   '     "''    i,  jvith  numerQus,conglOme- 

Tkeir  sequence  determined 

Secondary  W  mei6z;'65e  rotks.  Prevalence  of  limestones  during  this,  pe- 
riod iii  lAany  jWrtb  Of  Ihe  world.  Hew  red  sandstone.  Imm.  ,  (JoliHc 
siriis.  WeaUe'n'.  CKalk.  Interval  between  secondary  and  tertiary 
rocks.  DistrSbulibii  of  minerals  an^ong  teritiary  ifockfe  of  Furope. 
Snrfice  '^^'dsit^  bf  ^vel,  sand,  and  boidders.  .jl^lation  pf  the  Siic- 
cesSibi  off  ijocis  t'6  thfe  successive  forms  of  Ufe.  .  Na,ture  of  the  changes 
that  tal^e  |i&c4'.  Denudation.  Belative  value  of  sub-aerial  and  marine 
aeniidStiau.    Pp:  47— 50. 

8.  MeiUmorpHos^.^-TSktM^e  of  the  changes  that  have  affected,  rocks. 
ForcWs  th&t  Mvb  icted  to  produce  these  changes.  Influence  of  water 
in  prbdticiliig  bU^'ge.  Absence  of  evidence  of  melting  heat  affecting 
ttratifi^  i-dcks.  .jSbdl^pations  of  limestone.  Metalliferous  ore's  founc 
in  Wi&Ghik.  WktMr  the  cause  of  such  results.  Clays  as  aqueoa« 
MckS.  'C&Si\st&l&,  cii  clays  into  shales  and  slates,,  dvte  to  water. 
S'ill&g  (^  ^%is  ku^  slates,  a  result  of  water-action.  Silicates  of  mag- 
nesia.   Porphyiies.    Granite  as  connected  with  water.   All  granitoid 
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rocks  formed  with  water.  Quiet  nature  of  change  and  general  ab- 
.enoe  of  catastrophes.  Circulation  and  movement  in  the  Serior  of 
tne  earth  not  mconsistent  with  outward  tranquiUity.  Incessant  cip- 
^^^^  ™  ^''  '^^'^<>'^ot^S  ^i  reproducing,  ^  weU  as  destroy- 
ing and  wearmg  away  rocks.    Pp.  51— 56  u"»i™y 


PAET    THE    SECOND. 

EARTH. 

CHAPTER  TV. 

IiAMS. 


liMgularity  of  the  earth's  surface      The  bMi,^i  =f.f.    j  ^i. 

difference,  pp.  59-60  ^     '^  ^  "^  ™7  """^^  for  such 

General  statement  of  distribntioh  of  land.  Position  nf  t>,»  T.  ■  ^ 
of  maximum  land.  Nature  of  tVin  T^^f ,  ^  ''"°"  °*  ™e  hemisphere 
land  in  one  hemisphefe  TpecuMo~rr-'  '^l^^'"'^^  excess  of 
manence  of  this  P^otuberanr  Dete"SoW^n  '  '"'T.T^  P^'" 
tion  of  the  land.  Eelative  smaU^ess  o"  eotfcT  ^^  *i"t  ^-T 
of  mountains.  SmaHness  of  the  '^yeZt^o^t^t^^;' .T^^^f'l 
and  lowest  points.  Importance  of  irreCTlMftiL  of Tif^f  *^  ^^^"^ 
Distribution  of  the  land.  High  and  W^w  ^^T  °,"  '''™*'«- 
the  sea  Deep  gorges  eontrXd  ^^t'h 'Z^t^'S'  P^X  """ 
distinct  from  mere  fforffe^      Vn^m  „„j    ""^i-aui  ouaius.     Valleys,  as. 

Possible  origin  and  St  "of  ^u™  0^1^  LiX'l^e'o?  ''''"^^.• 
land     Advantages  of  a  broken  coast  linf   Pp  "wli™''  °^  '""  """^ 
Nattml  uregularities  of  the  surface  of  the  lanfl     ri„  *■      1 

Islands  pS:ts  of  submerged  oontinents  Podt^on  ^t^ii  "  ^^^'''^'^^ 
nent.  Dimensions  of  tfie  great  oontin^r^t  T^  °  ^  *??  S^eat  conti- 
1-amidal  termination  of  thf  l^nd  Z" Lti^ns"^'' °^  ^^'''^^-  ^- 
the  world.  Total  length  of  tie  ~nht»T  »  ■  *^°"'  P"*^  »' 
Direction  of  this' axis.  Influence  Sf  if^l.^  f-  ™  °i  "'^  °^^  ^"'^W^ 
of  coast  Unes.  Europe  and  Za  on\.  In?  ^  °S  "^^^^^  »«» ^^il* 
°^„^7P«/,P-PortL^ofat^Tar^^^^^^^^ 

rtt™ethtr"^co:^KL"'o7ifric^-^^^^^^^^ 

coast.    Inference  from  t^  f^e^^meric^rSdTs  tlf  ^if 
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Imerica  compared  with  South  America  in 'the  proportion  of  area  to 
each  mile  of  coast.     Australian  ooaat  line  and  its  proportion  to  the 
whole  land.    Pp.  64 — 67. 
General  nature  of  the  land.    Plateaux  or  high  plains  of  Europe  and 
Asia.    Steppes  of  Bussia.    Low  plains  and  valleys.    XUrers  and  water- 
Ms.    Fewness  of  torrents  and  waterfalls.     Comparative  fewness  of 
large  lakes  in  Asia.     AMcan  mountains  and  plains.     African  lakes 
and  livers.    America  generally — ^its  mountain  chains  and  rivers.    Ausr 
tralia— its  level  surface  and  absence  of  mountains  and  rivers,  in  pro: 
portion  to  its  magnitude.    Pp.  67 — 70. 
Islands — their  general  nature.  Diiferent  origin  of  islands.  Coral  islandt, , 
1.  AtoUs,    2.  Barrier-reefs.    3.  Priuging-reefs.    Indian  Archipelagff. 
Japanese  group.     Yast  multitude  of  islands  of  moderate  dimensions. 
The  South  Pacific.    Atlantic  islands.    Pelagic  islands  of  the  Pacific. 
Islands  indicate  the  ancient  history  of  the  earth.    Pp.  70 — 74. 
Direction  and  amount  of  the  slopes  of  lofty  mountain  chains.  Difference 
of  the  steepness  on  the  two  sides.    Position  of  culminating  pointy 
of  mountain  chains.    Depressions  in  oceans  probably  correspond  tq 
mountains  on  land.     Contrast  between  Europe  and  America  as  moun- 
tainous countries.    Plains  are  characteristic  of  America,    Qreat  rivers 
and  lakes  also  remarkable  features  of  that  continent.     Australia,  the 
land  of  unwatered  plains.    Certain  groups  of  islands  rise  to  some 
culminating  point.    Limits  of  land  and  water  indeterminate,  and 
limited  to  the  existing  period.    Pp.  74 — 76. 


CHAPTER    V. 

MOUNTAINS. 

Importance  of  mountains  in  physical  geography.  Only  two  great  mouih 
tein  axes.  Essential  characteristics  of  mountain  chains.  Connecting 
links  between  mountain  chains.  G-eneral  outline  of  the  two  greati 
mountain  axes  of  the  earth.  Position  of  culminating  points  of  the 
great  chains.  The  Alpine  system  and  its  characteristics.  Culminat- 
ing points.  Tyrolese  Alps.  JToric,  Canue,  and  Juiian  Alps.  Width 
of  the  chain.    Lakes  and  pools  of  the  Alps.    Pp.  77—80. 

Pyrenean  chain — how  diseonneuted  from  the  Alps.  Its  peculiar  cha- 
racteristics. Snow-Une  and  glaciers.  Carpatliian  mountains.  Moun- 
tains of  Dahnatia.  Balkan  range.  Grreek  mountains.  Apennines. 
Scandinavian  moiintains  and  their  connecting  hnks.  Mountains  of 
the  British  islands.  Pp.  81—85. 
French  mountain  systems  (Cevermes  and  Vosges).  Central  Gterman 
mountain  groups  (Fichtelgebirge,  Hartz,  Erzgebirge).  Mountains 
of  the  Iberian  peninsula  (Sierras  Nevada,  Morena,  EstreUa,  &o.), 
Crimean  mountains.  Ural  chain.  The  Caucasus.  Taurus  and  Anti- 
Taurus.  Pp.  85—87. 
The  mountain  systems  of  Asia.  Hindu-koosh.  Himalayan  chain.  Sik- 
]{iiQ  Himalaya.    Kuen-Lun  range.    Altai  mountains.    Extension  oJ 
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iMfeft  bhsft*  «|*t«araB  and  sriftttiwardB;    Highest  elpraiions.  ,,r.f| 
Shan,    Magnitude  of  the  chain.    Mountains  of  Arffbia.  ,  Tina  ^ 
teunir<(iil6  \M  Qhttx  of  Hindustan.    Mountains  of  me  Malay  peimt- 

MbuntilSia  of  tkM&ii  GieneiGtl  distribution.  .Atlas  mpi^ntaiiis.  Moon- 
«iM  6h  ttee  feast  cotiit.  £ilinia-nJBi:o  and  Kenia.  i^ys$i);iian  mbim- 
tteHB.    etmnetetion  frith  the  mountains  of  Arabia.    Pp.,92— 9&. 

AnieHcSn  systrito,  TheinainoutKne.  Eoeky. mountains;  S)jowjy,moim7 
tains  and  Black  hUls.  Oregon  chain.  Mount  iElias.  .  Qordvllera  of 
the  Aild^:  Gentnd  innerican  or  connecting  gfoap.  Sjobglivision  ojt 
tlK  Audet.  A-ndei  of  Patagonia^  «nd  Chilian  Andjes;  jPoUr|aii  imd 
P^tiViattlndreEr.  :AndeB.rif  ^uit'o  and  New  Granada.  J^ountains  M 
BSusil.    Meehiin^  ted  GdtJkiU  mountains..    Pp.  93— 9£j^        ,,_ 

AnstraliaA  inoiintdns.  Main  chain.  A:nistralian  Alps  and  Mount.JKpjs- 
Mttfikb:  Sizt^Hdn  into  Sew  GMi6a.  N^ir  ^^ll&nd  monnta^^.  Jbpfl? 
Mtifadtg  aiid  ^acters;  MiitmtE^s  a  result  of  long-condnued  elevation 
ind  aSttudKtiOit    Piioa. 


GHAPMIE  VT. 

XnXS,  PLATEAU^  lO^  PtAnrS)  ABS  rkLLKTS. 

fiiUf. — ^Definition.  Distinction  between  hills  and  mountains.  Examples. 
Hills  at  a  high  level  and  meuntains  near  the  sea.  Position  of  billy 
groimd.  Boiling  ground  and  its  probable  origin.  Malvern  Hills, 
Gotteswolds,  and  South  Downs.  Waldai  Hills.  Change  of  table 
land  into  hill  country.  The  Qiiantock  and  Derbyshire  hills.  The 
Saxon  Switzerland.  Franconian  Switzerland.  Origin  of  hills  in  tiie 
dfetricti  tuterfgd  tb:    Pp:  iOl— 1G4.  

Bi^  P^itiai.— DimitatibH  of  the  term  platea/a.  Peculiarities  of  lands 
HIUS  nattSed:  Theil-  relation  to  geological  structure.  Enghsh  plateaux 
of  chiUk;  oolite  tad  granite.  French  plateaux  of  hmestone  and  basalt, 
Nbrth  d«rmftil  plateaK  Carpathian  plateau.  Central  plateau  of 
Spain.  Sierras  rising  through  it.  Extension  of  Iberian  plain  into 
Portugal.     Pp;  11)4—106. 

Asii  the  cttiitlfirf  of  plateaux;  Plains  of  Arabia  and  Persia.  Plains 
of  Armenia;  Salt  desert  of  Persia.  Table  lands  of  Tibet.  Deserts 
of  Gobi  and  Soha-mo.  Their  extension  and  elevation  abote  the  sea. 
Othgr  plateaux  of  Tibet.  High  lands  of  the  peninsula  of  India. 
Plateau  of  the  Deccan.  Table  lands  of  the  Faro  islands  and  of  the 
BHtiSh  islands;  Table  lands  of  Africa.  Southern  plateaux.  High 
jdSuiS  bf  AuitrsHa.  iNorth  Americail  plateaux.  Great  basin  of 
Califorhift;  tlateauxof  Central  America  and  of  South  America.  The 
DiMguadfero.  Patagoniasn  dteppes.  Tabular  statement  of  the  leveb 
of  plateaux.     Pp.  106—111. 

Low  f  ioito^^Definition.  Low  plains  of  northern  Surope.  The  Kir- 
gliiS  stteppes  and  Siberian  plain.  Aralo-Casjiian  plain.  The  Steppet 
of  KuBsia  described.    The  great  plains  of  northern  Asia.    Plaiue  oi 


*fflt|ust*9:    dtfeffin  llSai;     The  ^aliara.     Deleft  of  IxaBia^    Its 
ageaiiff  'i^af^t&Hi^e^:     iSf.  PalgraVe'8  aicount  of  it.     Central  jtla- 

te& Of  /irkm.   if.  iii-lijs. ^  .  .„    ■  ^      „,   ,  . 

tkr^  ^ara«  iSf  (SVftm  Afttoa,  NoHli  Ameiricaii  plaiHs.  Praties,  .Sa- 
jr&n'al)^  kn'd  Fid^-bfirrenB.  Sout}i  Americaii  plains,  jjlanos  mid 
SflVfe.  The  P&idjfii-.  Step-like  terraces  soutt  of  the  Sal^do.  AtM- 
iJ'Mia^S  plains.^  Low  land  on  const  of  iSouth  America.  Comparison 
W  |)lWius  of  Old  and  New  World.  Importance  of  low  plains  to 
human  requirements.  Low  plains,  in  reference  tp  yeget^^le  and 
ataiffl'tllife.     Ethnological  value  of  low  plains.     Pp.  il6— J.2iJ.    , 

i'&Hfe^.^^Diffei-ent  coiiditioQs  of  valleys  according  togeograpjiers.  Fine 
Ic'enerj  in  upl&iid  valtejs  in  mountain  countries.  Valleys,  infiicatiinB 
of  prbgire^.  Varieties  of  vallevs  acording  to  geologists.  Cons?njc- 
tion  (Sf  vU.leySj  Modilfcalion  of  natural  fissures  and  .gorges.,  ,411 
'^SHeyl  indre  or  less  aS'ected  by  erosion.  Examples  o^  remstrkiible 
TidJfeyi  ifi  table  lands.  Valleys  of  Spain  and  Abyssinia.  Valley  of 
the  Cbiorkdo  and  its  CcAons.  Similar  .vall^s  in  Thibet.  Use  of 
Talleya  in  advancing  civilisation,    fp.  123 — 128. 


PABT   THE   THIRD. 

WATER. 

iBHAf  iEB   Vli. 

TOE   OCEAN. 

Importance  of  water  in  the  economy  of  the  earth.  Nature  of  the  bar- 
riers that  enclose  the  ocean.  Division  into  two  great  oceans.  Atlantic 
canat^iti  dimensions  and  proportions— its  subsidiai^  or  inland  seas 
ba  the  European  side.  Inland  seas  on. the  American  side.  Islands. 
Dimensions  of  the  !Pacific  Ocean.  Its  mland  seas.  The  Indian  Ocean. 
The  Arctic  Ocean,     Antarctic  Ocean.     Pp.  131 — 133. 

K  itural  subdivisions  of  the  grrat  ocean  by  submarine  mountains,  fomi- 
&g  islands  and  sfioals.  jtorthern  and  southern  basins  of  the  Pacific. 
Subdivisions  bf  these.  Subdivisiojis  of  the  Atlantic.  Northern,  cen- 
tral, and  soiijbbern  basins  ot  thi^  Atlaiitic.  Inland  seas  and  thrar 
lonnation.  Necessity,  of  ,a  knuwledge  of  the  ocean  flpor.  .  Methods 
Af  sounding  in  greiat  depths.  Old  and  modem  methods.  Results  Of 
deep  sounding  with  a  deep-sea  dredge.  Material  at  the  bottom  of  the 
Atlantic.  Nature  of  the  oaze,  or  soft  mud,  on  the  ocean  floor. 
Form  of  bottom  of  the  Atlantic.  Bottom  of  the  Pacific.  Bottom 
«f  the  Indian  Ocean.    Pp.  134— 13S. 


S  ANALTTICAI.   CONTENTS. 

CompoBition  of  sea  water.  Origin  of  saltnees  of  the  sea.  Varioia 
amount  of  salts  in  different  seas.  Atlantic  more  salt  than  Faciflo. 
Position  of  the  belt  of  saltest  water  in  the  Pacific.  SmaUness  of  salt 
in  the  Polar  seas.  Tlsual  proportion  of  saline  substances.^  ,  Nature 
of  the  ingredients  of  sea  water.  Names  of  elements  occurring  in  sea 
water.  Variation  of  density  of  sea  water  in  dififerenfc  seas.  Atlantic, 
Pacific,  and  Indian  Ocean  compared.  Density  of  water  in  the  Medi- 
terranean, the  Biaot  Sea,  the  North  Sea,  and  the  Baltic.  Pp.  139 
—141. 

Chemical  contents  of  ordinary  sea  water.  Local  differences.  Gases  and 
air  in  sea  water.  Uses  of  air  in  water.  Effect  of  cold  on  density  of 
water.  Capt.  Maury's  experiment,  iUustteting  the  conditions  of  cool- 
ing sea  water.  Circulation  of  the  waters  of  the  ocean.  Temperature 
of  the  sea.  Stratum  of  invariable  temperature.  Pressure  of  the 
water.  Animal  Ufe  at  great  depths.  Limitation  of  life  in  deep  water 
not  known.  Light  the  only  limit.  Colours  of  sea  water.  Blue  grotto 
of  Capri.  Cause  of  blue  colour  of  water.  Difierent  colours  ot  th& 
water  in  different  seas.     Pp.<  14].— 145. 

The  water  of  the  sea  always  in  motion.  Various  kinds  of  waves.  Dif- 
ferent kinds  of  motion  of  water.  Wind-waves,  their  nature  and  origin. 
Growth  of  wind-waves  into  storm-waves.  Ground  swell.  Surf.  Me- 
chanical force  of  storm-waves.    Pp.  145 — 147. 

The  tidal  wave — its  origin  and  history.  High  and  low  water.  Conver- 
sion of  the  tide-wave  into  an  advancing  wave.  Great  rise  of  tide  in 
certain  waJters.  Marginal  and  local  tides.  The  bore.  Nature  of  the 
motion  of  the  tide-wave.  Transference  of  motion  without  the  re- 
moval of  the  body  of  the  water.  Different  kind  of  currents.  Stream 
currents — their  origin.  Various  causes  that  may  produce  them. 
Effect  of  evaporation  iu  narrow  seas.  The  Ked  Sea  current.  TTnder- 
currents  carrying  back  the  water.  Periodical  currents.  Keverse 
deep-currents.    Example  in  the  Mediterranean.     Pp.  147 — 151. 

Great  stream-currents.  The  Gulf  stream — its  commencement  and 
course — its  position  and  condition  in  the  Atlantic — its  temperature 
— its  derivation  from  the  equatorial  current.  History  of  this  current 
and  its  counter-current  running  to  the  Guinea  coast.  The  Black 
Stream  of  Japan,  a  corresponding  current  in  the  Pacific.  The  Brazil 
current— its  nature,  depth,  and  temperature.  Brennel's  current.  Arc- 
tic or  Polar  current.  United  States  counter-current.  Antarctie  cir- 
rent.  South  Atlantic  current.  Some  currents  very  variable.  The 
Pacific  currents.  South  Polar  current.  Mozambique  current.  Hum- 
boldt's current.     Pp.  151—154. 

Examples  of  irregular  movements  of  water.  Eddies  and  whirlpools. 
MaelstrBm.  Charybdis.  Origin  of  such  eddies.  Sargassos,  or  weedy 
seas.  North  Atlantic  sargasso  sea.  North  Pacific  sargasso  sea.  Na- 
ture of  such  seas.  Position  of  the  North  Atlantic  sargasso  sea.  Con- 
dition of  this  sea.  Probable  deposits  irom  it.  Indian  Ocean  sargasso 
tea.  Occasional  extension  of  the  sargasso  or  gulf  weed  into  the 
British  Channel.    Pp.  154—155. 
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CHAPTER  VIIL 


Circulation  of  water  on  the  earth  by  aid  of  the  atmosphere.  Natural 
course  of  ruBniug  water  on  the  laud.  Uses  of  rirers.  Largest  and' 
most  rapid  rirers  not  the  most  useful.  Advantage  of  moderate  rivers. 
Drainage  systems.  Water-sheds  and  water-parting.  Water-shed  not 
necessarily  a  ridge.  Sources  bear  no  proportion  to  the  rivers.  Diffi- 
culty of  discovering  the  real  sources  of  rivers.  Absence  of  importance 
of  tliis  inquiry.  Sources  of  the  Nile.  The  great  river  systems  some- 
times connected.  Example  of  Amazons  and  Orinoco.  Kivers  gene- 
rally originate  near  mountain  chains.  Bapidity  of  streams  not  alto- 
gether dependent  on  height  of  source.  Streams  of  all  kinds  assist  in- 
denudation.  Floods  aiiecting  certain  rivers,  Proportion  of  the  water 
discharged  to  the  rain-fall  of  a  district.  Elood-moderators  in  rivers. 
Examples  of  flood-moderators.     Pp.  156  —160. 

Biver  systems — how  best  considered.  The  Atlantic  system.  Absence 
of  streams  on  the  Scandinavian  shores.  Idiportant  feeders  of  the 
Baltic;  Neva,  Niemen,  Vistula  and  Oder.  Extent  of  land  drained, 
by  these  rivers  and  their  tributaries.  Elvers  entering  the  Q-ermap. 
Ocean.  The  Elbe  and  its  tributaries.  The  Weser.  The  Rhine :  its 
sources  and  tributaries.  Its  delta.  Its  total  length  of  course  and 
drainage  area.  The  river  systems  of  the  British  islands.  The  French- 
rivers,  Seine,  Loire,  and  the  Garonne.     The  rivers  of  tbe  Iberian 

'  peninsula.     The  Douro,  the  Tagus,  the  G-uadiana  and  the  Guadal:., 
quivir.     Pp.  161 — 164. 

The  Meiliterraneau  basin  drainage.  The  Ebro.  The  Bhone  and  its 
tributaries.  Italian  rivers — the  Arno  and  Tiber  on  the  west — the  Po- 
and  Adige  on  the  east.  The  Black  Sea.  The  Danube  and  its  tribu- 
taries. The  Dniester  and  Dnieper.  The  Don  and  Zuban.  The  Nile 
and  its  course.  The  Niger  and  Senegal.  The  Orange  river,  the  Gram- 
bia  and  the  Coanza.     Pp.  164— 167. 

The  great  river  systems  of  America.  The  Plata  and  its  main  branches^ 
The  Amazons  and  its  different  branches.  The  Orinoco.  The  Mag-- 
dalena.  The  Rio  del  Norte.  The  Mississippi-Missouri  and  its  great 
tributaries.  The  smaller  rivers  of  the  United  States.  The  St.  Law- 
rence and  its  lakes.     Pp.  167  — 170. 

"Die  Pacific  system.  The  African  rivers  Zambesi  and  Great  Fish  river,- 
The  Tigris  and  Euphrates.  The  Indus.  The  Ganges  and  Brahma- 
pootra. The  Irawaddy.  The  great  rivers  of  Chma.  The  rivers  of 
Tartary.  The  rivers  of  America  entering  the  Pacific.  The  rivers  oi 
Australia.  The  rivers  entering  the  Arctic  ocean.  European  and 
Asiatic  streams.     North  American  streams.     Pp.  171 — 174. 

Iniernal  drainage.  Caspian  tjea.  The  Volga,  Ural  and  Kur.  The  sea 
of  Aral  and  the  Sir.  Tabular  statement  of  Ihe  principal  systems  of 
drainage.  Large  parts  of  tiie  eaj'th  left  undraincd  by  the  great  rivel 
systems.     Pp.  17* -176.  , 


CH^A.'PTllK  IK 

-LAKES  AlTD  WATEBPAIXS. 


.1.  Ldk^. — ^eir^naiure— mode  of  formati^n-i-Tarietiel^aiiaBfe  tst 
vSnltfeBj^TaT^.^^  Perman]pnt^Hd  ctt^ngeable  lakes.  BiCtrence  be- 
'twe?!n  ia^%  and  jppncls.  .Examples  of  lakes  and  poolg.  Ssdt  lakes 
once  part  of  Hie  opSin.  .  ^SPPsit?  of„ialt  fopritted  in  salt  lakes.  Lk- 
ebpnl,  spmet'imes  fojmc'^  bj  mud.  .  Proportion  of  tKe  land  covered 
^it"h  water.  Estimate  of  the  ^otal  area  of  lakes.  Pri^oHion  of 
frelt  aM  salt  water,  lakes,  j^ngfiqh  lakes — -.their  names  and  propor- 
^(Sl.    a«ptch,^Jriffi  ,a&d  Welsh  lakes.    Abseice  6f  large  lakes  in 


.____.  -lake  ofGeneva — lake  of  Lucerne 

__, ^  failenstadt — lalke  of .  Constance — ^Ukes  of 

Sfenchafel  ani^Bienney  .,'Italian  ^es  i-^Lake  of  Como — liBgo  Mag- 
fSre— tike  Lugano— Lago^djQ-arda.  jRiver^  issuing  from  me  Swiis 
and  Italian  lakes..  ^  ^ni^arison  of,  the  lakes  on  the. two  sides  of  the 
■Mp"s.  . Jjates  (i^tEe  ,P jreneesj  _  Lakes  pf  Northern  Europe.  Wurm- 
ISfee,  iii  TJpper^aTarfA.  Ammeij-see.r-jChjBni-see. — Neusie'dler-sete.-^^ 
¥ikfien-se'e.  Pyrenean  l^es.  South  Italiain  lakes : — Lakes  Thrasy- 
S'efie.  BoMa,  tipo,  aiidl  Albauo.  Swedish  lakes : —Wenem,  Wlt- 
%ern,  and  Malar.  Lake  Uielmar  and  Lake  Barkei).  Finland  and  its 
)ktes  on  the  ce&tfal  plateau.  Lakes  Ladoga,  Ohega^  Saima,  and 
U'men.  Lake  Enare,  in  Laplifnd.  Lakes  near  the  Arctic  Ocean. 
Gefier'al  character  of  the  north  European  lakes.     Pp.  181 — 184. 

A^b-Gaspiah  depression  and  the  Caspian  Sea.  Fresh  water  lakes  of 
northern  Asia.  Lake  of.  Baikal.  Drainage  of  this  lake.  Lakes  of 
wcsteiri^  Asia.  Tengis,  Telianj,  ^nd  the  Persian  lake  Urumiyah. 
liake  Tan,  yi  Armenia,  and  Lake  Seistan,  in  L:an.  Lake  Sir-i-KoL 
Smallriess  of  the  various  Asiatic  lakes,  south  of  the  Himalayan  chain. 
iJeprSsled  b'asitis  distinct  from  movintain  lakes.  Aralo-Caspian  plain. 
IJetiails  of  the  Caspian  Sea.  The  Sea  of  Aral.  The  Dead  Sea  and  its 
peculiarities.     Lake  of  TiljeriaB.     Pp.  185 — 187. 

Xiffies  o'f  Africa.  Victoria  Ifyanza,  one  of  the  head  waters  of  the  Nile. 
ItS  connection  yiWn  Albert  Nyunza.  Details  of  Albert  Nyanza.  Like 
Tan|anyiia.  Lajkea  Nyaasa  and  Shirwa.  Lake  Tchad, — its  peculia- 
HtieB  and  difference  at  different  seasons.  Australian  lakes.— Lake 
Torrens  and  Alexandrian  lake.     Pp.  187 — 189. 

'ITbrtli  Ameficaii  lates.  Great  Bear  and  Great  Slave  lakes.  Athabasca, 
Wbllastori  ind  Deer  lakes.  Winnipeg  and  Winnipegoos.  Lake  Supe- 
^or.  Lakes  Huron  and  St.  Clair,  Lake  Michigan.  Lake  Erie.  Lake 
Ontario.  ,  Total  area  of  the  North  American  great  lakes.  Difference 
of  level  01  these  lakes.  Lake  Champlain,  Lakes  in  Florida.  Lake 
Fontchartrain.  Central  American  lakes.  Nicaragua.  South  Ameri- 
can lakes.     Lake  Titicaca.     Lakes  in  Brazil.     Pp.  189 — 19L 

£2.  Waterfalla. — General  account  of  rapids  or  waterfalls.  Such  pneno- 
mena  not  universal  with  large  bodies  of  water.  Falls  of  the  Bhine. 
Cssoades  of  Switzerland.     The  Handek  and  the  Staubbach.     The 
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[an  Falls. — §arp-fo3,  Riukan-foa,  and  V6ring-fos.    The  Ostli<)t 

Wids.     Former  ramda  ^t^  tbe  Bhu(ie  and  D^qup^.     African> 

wafer-j!^ffi?~'Falli,ofT^e!Mifnbe8l,  de^cri^^.'bj;  til^ngs&jie.    i^ppn> 


CHAETBK  :^ 

THE  V^%(mSSjL.  Q^  IC^. 

The  properties.  §{  ice  neiy  different  fcom  thosa  of- water-  FflrmatiOfl  of 
sggyj.  W  (to  a%  Mods  of  etystoHiaatifla  of-  sjjosf.  Snow  in  ataca- 
and  pellets.  Snow  formedi  in  the  uppex  sic  i«,  all  pftrte  of-  the.  w^rTd. 
Cfuae,  qff tlvJa^spl^fljgd,  '^y  sjiovy  dfiseflijd&  stojdjt  Safcural  snow- 
tejjp,    Me^wg  qf-  the.  t^rm'  ■  sBow/lsiifi,'    SftQW-M»fl  in  th^  An<^g,. 


^41fai  ipguijtaigg,  Ih?  Atl^%  Etna,  tlie  Sft^pyAlps,  and  the  Atctic 
Orean.    Litnjts  (?f  smw  at  the  sea-level  in  &.e  western  and  eastern 
parts  of  the  old  world.    Absence  of  snow  in  certain  sheltered  spots. 
Number  of  days  of  snow-fall  in  different  climates.     Average  at  Kome* 
— at  St.  Petersburg.     Falls  of  snow  on  the   east  coast  of  Kortbi 
America.     Snow  not   injurioua   to  vegetation. — Condition  of  fallen 
snow.     Hail,  its  nature.    How  snd'  whefh  formed.     Large  hail  stones. 
Paths  of  hail  storms.     Narrow  breadth  of  ooun.ry  generally  injured, 
by  hail.     Places  where  hail  is  most  common.     I'p.  196 — 199. 
Ice  expands   during  formation   from   water.     Amount  of  expansion.. 
Cgjjpeot  tfe  espqflaipn.     Pressure  tends  tfl  present  the  fQr.matio;i  of 
iig^^    D^^ultj^  o|^  {facing  ice  at  great  depth  in  tester^    Puijty  oii  ice. 
:^jij,ij  pi;  %fi  ijjcpansion  of  water  while  beconirng  ice,  in  pjWFCi^ing  a 
g?^j;  %W^Swi"g  of  ice  on  a  body  of  water  exprfssd  to  intensg  coldi. 
Tl^  ^ea  Icj^s  rpi^dily  ^pzen  than  fresh  water.    FoimatiPA  of  pack-ice 
frpni  aQp^.    Ppssihle,  results  of  change  in  tbe  distribution  of  land 
and  water,  pr,oclucing  perpianent  snow  over  large  tracts.    Range,  of 
pepmapent  ice  in  the  Polar  seas.    Supposed  open  water  in  the  Arotib 
Oqe»n.     Quantity  of  ice  in  the  Antarctic  circle.     Pp.  199i — 202. 
ow  not  really  perpetual.     Mode  in  which  mountains  are  relieved  of 
their  load  of  snow.     Formation  of  a  tongue  of  ice  beyond  the  snow, 
deeper  in  valleys  than  the  snow-line.    Movement  of  this  ice.and  forr^ 
mation  of  a  glacier     Neve,  or  Mm,  the  feeder  of  the  glacier.    Process 
ty  which  neve  or  glacier  ice  is  fermed.    Mode  by  which  it  is  increased 
in  the  course  of  years  and  rendered  uniform.     Essential  conditions' 
for  a  glacier.     End  and  rate  of  its  motion.     Winter  cold  penetrates, 
but  a  little  way-     Imperfectly  formed  glaciers.     Glaciers  rent  by  fis- 
sures, through  which  melted  snow  passes.     Production  of  streams 
of  stone  at  the  ^mface  called  moraines.     Production  of  icebergs. 
Increase  of  glaciers  by  successive  streams  of  ice.     Their  passage  over 
obstacles.    Nature  of  the  motion  of  glaciers.    Ice  does  npt  mpve  like 
a  tenacious  fluid.    'Eropeity  of  reqelatioth-    Illugtiationa  of  this  mode 
of  behaviour  of  ice.    Pp.  203—205. 


•*1V  iNALTTlcAL    CONTENTS. 

Scratches  and  grooves  on  the  bottom  and  sides  of  ravines  made  by  gla- 
ciers. Illustrations  in  Switzerland.  GHaciers  the  sources  of  rivers. 
Magnitude  of  glaciers  of  Switzerland,  the  Himalayas,  the  Caucasus, 
.  Scandinavia,  northern  Asia,  and  southern  seas.  Indications  of  glacial 
action  far  away  from  glaciers.  Examples  in  the  British  islands,  in 
northern  Europe  and  North  America.  Ancient  glaciers  in  southern 
Europe  and  Asia  Minor.     Pp.  205 — 209. 

^Icebergs — their  nature,  mode  of  formation  and  proportions.  Great 
depth  below  the  surface  of  the  sea.  Besult  when  melted.  Large 
numbers  counted  at  one  time.  Formation  of  icebergs  in  Greenlaud. 
Ice-cap  the  origin  of  icebergs.  Difficulty  of  closely  examining  large 
bergs.  Appearance  and  colour  of  icebergs.  Dangers  to  navigation 
from  icebergs.  Advance  nearer  the  equator  in  the  southern  hemi- 
sphere.    T^eir  behaviour  in  the  ocean.     Pp.  209 — 211. 

'0lacikres  or  ice-accumulations  in  caverns,  their  nature  and  position. 
Explanation  of  their  phenomena.     P.  211. 

^ce  formerly  advanced  much  more  uniformly,  and  much  nearer  the 
equator,  in  former  periods  of  the  earth's  history  than  now.  Permian 
and  old  3rad  sandstone  glaciers.  Ice-cap  of  the  planet  Mars,  as  illus- 
trating the  former  condition  of  our  earth.     Pp.  211 — ^212. 


CHAPTEB  XI, 


{Disappearance  and  history  of  the  part  of  the  rain-fall  that  neither  runs 
off  the  earth's  surface  nor  is  evaporated.  Passage  of  such  water 
through  rooks.  Its  issue  above  the  sea-level.  Occasionally  brought 
back  again  into  circulation.  Water  rising  out  of  the  earth  called  spring 
water.  Various  kinds  of  springs.  Land  springs  in  open  rocks.  Quality 
of  the  water  obtained  from  them.  Natural  purification  of  water.  Ab- 
sorption of  water  into  strata.  Nature  of  Artesian  springs  and  wells. 
Meaning  of  the  term  Artesian.  Springs  in  fissured  rocks  and  at  faults. 
Course  of  water  under  such  circumstances.  Limestone  districts  rich 
in  springs  of  this  kind.  No  spring  water  chemically  pure.  Substances 
generaUy  present  in  spring  water.  Examples  of  water  with  very  small 
quantities  of  foreign  substances,  in  EVance  and  Germany.  Other 
waters  with  large  quantities.     Pp.  213 — 215. 

Mineral  springs  common  in  volcanic  regions.  Example  at  Carlsbad. 
Springs  at  contact  of  two  rocks.  Long  lines  along  which  mineral 
springs  occur.  Distribution  of  springs  in  central  Prance,  near  a  vol- 
canic district  now  extinct.  Universal  presence  of  mineral  springs. 
Number  of  those  described  in  France  and  Spain.  Quantity  of  water 
issuing  from  certain  springs.  Examples  at  Carlsbad,  in  Switzerlani^ 
in  the  Pyrenees  and  in  North  America.  Large  springs  in  central 
Prance.  Water  issuing  at  the  surface  much  less  than  the  quantity 
actually  lifted.  Dissipation  of  strong  springs.  Example  of  springs 
«ot  reaching  the  surface.    Pp.  215 — 217. 
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Xemperatore  of  mineral  springs.  Boiling  springs  near  Tolcimoes. 
Springs  in  the  Pyrenees.     English  thermal  springs.     P.  217. 

Contents  of  mineral  waters.  Water  an  almost  universal  solvent.  Che- 
mical conditions  of  solution.  Inorganic  acids  and  bases  most  com- 
monly met  with  in  waters.  Besult  of  spectral  analysis.  Organic 
acids  occasionally  found.  Large  quantity  of  solid  matter  thus  removed 
irom  the  interior  to  the  surface.  Quantity  of  carbonate  of  lime  and 
silica  especially  large.  State  of  the  substances  held  in  solution  im- 
portant. Examples  in  various  cases.  Abundance  of  sulphur.  Various 
forms  of  sulphur  and  results.  Fluorine  and  phosphorus  common  in 
certain  springs.  Boracic  acid  occasional.  Distribution  of  silica  very 
general.  Deposits  of  silica  from  springs.  Carbonic  acid  especially 
common.    Pp.  218—222. 

Eydro-carbonB  with  water  in  certain  cases.  Bituminous  springs  in 
various  parts  of  the  world.  Bitumen  often  associated  with  common 
salt.  Potash,  soda  and  lithium,  as  existing  in  mineral  waters.  New 
metals  found  in  them.  Tast  quantity  of  carbonate  of  soda  sometimes 
present.  Deposits  of  sulphate  of  soda.  Deposits  of  carbonate  of  Ume. 
Successive  crusts  of  carbonate  of  lime  broken  through  at  Carlsbad. 
Deposits  of  gypsum.  Salts  of  magnesia  very  common  in  certain  waters. 
Alumina  combined  with  silica  and  other  elements  common  in  spring 
waters.  Metals  commonly  found.  Manganese  and  iron.  Quantity 
of  iron  in  certain  springs  in  the  Eifel.  Cobalt  and  nickel  in  water. 
Copper  frequent,  and  lead  not  unknown.  Tin  and  titanium  detected. 
Silver  and  gold  probable.     Pp.  222—225. 

Organic  matter  occasionally  found  in  mineral  waters.  Nature  of  glea- 
line  or  baregme.  Abundance  of  this  substance  at  Bex,  in  the  mother 
liquor  of  salt  works.  Rapid  development  of  confervse  in  water  con- 
taining glairine  at  Plombieres.  Appearance  and  colour  of  glairine. 
Pp.  225,  226. 

Changes  in  the  quantity  and  condition  of  the  waters  issuing  from  cer- 
tain sources.  Effect  of  earthquakes  on  springs.  Example  in  the 
great  earthquake  of  Lisbon.  Intermission  of  water  in  certain  springs. 
Syphon  springs — peculiarities  of  discharge  of  water  in  certain  cases. 
Intermission  in  a  spring  at  Eissingen.  Observations  spread  over  six 
years,  and  results.  Variations  of  springs  at  Vichy  and  the  Pyrenees. 
Special  conditions  on  which  the  change  is  supposed  to  depend.  Change 
in  the  gaseous  contents  of  spring  waters  occasional.  Periodical  de- 
posits by  the  water  of  certain  springs.     Pp.  226 — 229. 

Great  influence  of  water  on  aU  rocks.  Metamorphism  thus  effected. 
Fossilizatiou  also  produced.  Water  the  means  by  which  chemical 
action  is  exerted.  No  probability  of  an  independent  source  of  watet 
in  the  earth's  interior.    Pp.  229,  230. 
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PART  THE  FOI^RTH. 
CHAPTER  XII. 

THE      i.T  U.OaVB.'BUIt. 

Compof Uion  0^  pure  dry  ur.  Elasticity  of  tbe  aw.  SK|[g;u;^,  ^f  ^ 
air'at'tEe'  sea-lerel  and  "at  ^eai  KeigfitB;'  Heigbj  c^  t]^  mem^^i^ 
oolump'i|'^  TJaiipWeleyatiojis.'  EstimateS  height  of  iH^,  iur  if  it  t?^ 
not  plastic.  *  Calculated  weight  of  the  atrnqsphere  of  puKe  ^j,  ajrl 
Aqijeous'  Tapoiir  mixed  with  pure  dry  air.  Qther  ^uhstanceg  90!ia- 
morily  pj^eaeiit.'  The  gases  that  form  atmospheric  air  not  ohemicfdlj 
combined.  The  relative  proportion  of  oxygeii  to  nitrogen  uniform 
under  air  circumstances.  Absence  of  satisfactory  explanation  of  tl:iu 
uniformity.  (Jreat  changes  in  pressure  of  the  air  on  the  same  ^XfiC- 
Oscillations  of  the  barometer  regular  and  occasional.  Maxima  and 
minima  of  daily  osoillations.  Seasonal  oscillations.  Begularity  of 
:<uch  movements  ru  certain  parts  of  the  fforld.  Months  and  se^ons 
of  maximiim'and  minimuin.    Extent  of  range  btobH.     !Pp.''233^^36. 

Eifect  cif  heat  on  the  atmosphere.  Mode  in  which  air  is  heated,  n<^t 
by  radiant  heat,  but  by  conduction.  Heating  of  iur  by  oomprelgip^ 
and  cooling  by  expansion.  The  vapour-atmospbere  the  main  cau^' 
of  barometric' oscillalidns.  Effect  of  condensation  on  the  vapour- 
atmosphere. '  The  boiling  point.  Diflferent  temperature  of  boilmg 
liquids  at  various  pressures.  Estimate  of  the  height  of  mountaiiis- 
by  the  temperature  at  which  water  boils.  Diminution  of  temperatuie 
in  ascejiding  to  the  upper  part  of  the  air.  Cause  of  this  change. 
Bate  of  diminution  as  estimated  by  Mr.  Qlaisher.  Occasional  excep- 
tions. After  sunset  the  temperature  rises,  on  ascending  within  cer- 
tain limits.  Effect  of  sun's  heat  reflected  from  the  moon  is  to  cool 
the  earth.     Pp.  236—238. 

Bclatioiis  of  air  to  light.  Absorption  by  atmospheric  aii  of  light  enter- 
ing at  various  angles.  Reflection,  absorption,  and  refeaptibn  of  light 
in  passing  through  the  atmosphere.  Eorm  of  a  ray  of  light  passing 
through  the  atmosphere.  Partial  absorption  of  coloured  rays.  State- 
ment of  the  course  of  a  ray  of  light  through  the  atmosphere.  Result 
of  the  dispersion  and  reflection  of  light  in  the  atmosphere.  Absence 
of  sudden  transitions  irom  light  to  darkness.  Twilight — cause  of  its 
different  duration  at  different  places  and  seasons.  Appearances  of  the 
sky  at  various  parts  of  the  day.  Limitation  of  twilight  as  produced 
by  reflection.    Pp.  238—241. 
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Bffect  of  tlie  presence  of  aqueous  vapour  on  re&action.  Production  of 
optical  delusions,  or  mirage,  by  complicated  re&action  and  reflection 
in  the  air.  Examples  of  mirage.  Causes  of  the  more  striking  pheno- 
mena suggested.  Simple  cases  of  reflection.  Vertical  and  horizontal 
reflections.  Suspension  or  looming.  Strata  of  the  air  at  different 
temperatures  the  main  cause  of  such  appearances.  Calm  essential  to 
irregular  refractions.    Pp.  241 — 243. 

Colour  of  the  atmosphere.  Cause  of  the  azure  colour.  Water  and 
aqueous  vapour  largely  affect  the  colour  of  the  air.  Colours  of  the 
clouds.  Boinbovr.  Phenomena  of  the  rainbow  described  and  the 
cause  explained.     Rainbows  in  waterfalls.     Pp.  243,  244. 

Waves  produced  in  the  atmosphere.  Sound  the  result  of  such  waves. 
Loudness  or  quantity  of  sound  independent  of  the  velocity  of  the 
waves.  Different  rate  of  travel  of  sound  waves.  Temperature  afieots 
the  rate  of  the  wave.    Pp.  244,  245. 

The  atmosphere  in  its  relation  to  life.  No  material  life  conceivable 
without  air.    Pp.  245,  246. 

Polarisation  of  light — ^its  meaning.  Peculiar  properties  of  polarised 
light.  Polarisation  effected  both  by  reflection  and  refraction.  One  : 
of  the  two  beams  of  light,  emerging  from  a  doubly-refracting  crystal, 
is  polarised.  Polarising  angles  by  reflection.  Port  of  the  light  always 
polarised.  Neutral  points  in  the  sky.  Anti-solar  points.  Obscurity 
of  this  department  of  optical  science.  Important  modern  discoveries 
in  the  upper  part  of  the  atmosphere.  Diminution  of  temperature. 
Law  of  diminution  still  undetermined.  Important  modification  of 
the  prismatic  spectrum  in  the  higher  part  of  the  atmosphere.  Increiise 
in  the  number  of  dark  lines  observed.  Efi'ect  of  the  atmosphere  on 
light-rays,  heat:rays,  and  actinic  rays.  Direct  effect  of  vertical  sun 
measured.     Effect  of  heat  reflected  from  the  moon.     Pp.  246 — 248. 


CHAPTER  XIII. 

WINDS     AND     STOBMS. 

Effect  of  the  sun's  rays  on  the  atmosphere.  Various  causes  that  pro- 
duce movement  and  aerial  currents.  Angle  of  incidence  of  the  sun's 
rays  as  affecting  the  quantity  of  heat  absorbed.  Absorption  of  heat 
by  land  greater  than  by  water.     General  result.     Pp.  249,  250.    ,    : 

Winds.  Land  and  sea  breezes.  Circulation  of  air,  its  nature  and  his- 
tory. Disturbing  causes.  Failure  of  mere  theoretical  considerations 
to  explain  the  result.  Actual  course  of  the  currents  and  their  deflec- 
tion considered.  Spiral  motion  of  currents.  Nature  of  the  upper 
currents.  Proof  of  the  existence  of  an  upper  current  in  the  air  by 
the  drift  of  volcanic  dust  and  of  clouds.  The  winds  observed,  oh  the 
Peak  of  Teneriffe.  The  trade  winds,  their  meaning  and  value.  ■.  'flCprae 
latitudes'  of  sailors  and  south-west  passage  winds.  Comparispn. pf 'f 
the  southern  and  northern  trades  in  the  Atlantic.  Explanation. Qf 
the  fact  that  the  south  east  trades  are  the  most  steady.   Pp.  2567r253. 

Modiflcations  of  the  trade  winds  in  India  and  on  the  plains  pf  ^ei^tral 

I 


*^11J  ANAXTnCAX.   CONTENTS. 

Asia.  Uonaoons,  their  nature  and  history.  Their  difference  from 
trade  winds.  Xhej  replace  the  trade  winds  aa  regular  winds  in  the 
seas  they  occur  in.  The  north-east  monsoon,  its  chief  peculiarities. 
Boath-west  monsoon.  Change  from  one  to  the  oth^  marked  bj 
■torms.  Trade  winds  not  always  east  winds,  and  more  to  be  trusted 
on  the  western  than  on  the  eastern  shores  of  a  large  sea.  The  trsda 
winds  confined  to  the  ocean,  but  replaced  by  stee^  land  winds. 
Efibct  of  permanent  winds  on  the  land.  Capt.  Maury's  reduction  of 
observations  on  the  winds  of  all  seas.  Barometer  high  in  calm  lat*. 
tndes  between  the  tropics  and  temperate  zones.  IJow  barometer 
wider  the  equator.  General  summary.  Local  winds.  The  Fohn  of 
Switzerland.     The  simoom  of  the  desert.     Pp.  253 — 257. 

SiortM.  Various  kinds  recognised.  Wind-storms,  including  strong 
gales  and  hurricanes.  Nature  of  cyclonic  storms  and  their  different 
names.  Their  general  characteristics.  Origin  in  the  tropics  and 
usual  season.  Outline  of  the  fects  connected  with  cyclonic  storms. 
State  of  the  weather  before  and  during  a  cyclone.  History  of  a  great 
storm  of  this  kind.     Pp.  258 — 263. 

Xneide  tal  phenomena  during  storms.  Earthquakes  and  meteoric  stones, 
Effet  on  earth-magnetism.  Great  sea-ware.  How  produced.  Elec- 
tric si  Tms.  Eipknation  of  lightning  flashes.  Account  of  forked 
and  sh.  ^t  lightning.  Cause  of  the  different  phenomena.  Liniitation 
<rf  thun  ^-storms.  Peculiar  effects  dnring  such  storms.  Magnetic- 
storms  I  ^accompanied  by  noise.  Aurors,  common  indications  of 
atmosphe.  c  disturbance.  "  Boyal  Charter"  storm  of  October,  1859. 
Disturbance  of  the  telegraphic  wires.  Velocity  of  the  wind  in  the 
storm.  Direction  in  which  the  storm  crossed  Europe.  Details  of  a 
cyclonic  storm,  as  described  by  Admiral  Eitzroy.    Pp.  263 — ^267. 


CHAPTEE  XIV. 

DEW,  CLOTTDS,  Ain>  BAIK. 

The  conditions  of  aqueous  vapour  in  the  air  important  to  be  nndentood 
in  reference  to  the  bistoty  of  dew,  fog,  mist,  doud,  rain,  snow,  and 
hail.  Aqueous  vapour  not  diathermic  (transparent  to  heat).  It  is 
diffiised  through  air,  of  which  the  mass  is  much  greater,  and  before 
it  cools  the  surrounding  medium  must  be  cooled.  Solids  cool  rapidly 
by  radiation,  and  thus  vapour  is  deposited  as  dew.  Dew  explained 
long  ago  by  Tit.  Wells,  Results  of  radiation  into  a  clear  sky.  Besults 
tt  eheA  to  radiation.  Effect  of  radiation  diminishes  with  extreme 
nipidity  at  a  small  distance  from  the  radiant.  Great  difference  of 
temperature  on  grass  and  a  few  feet  above  it.  Condensation  of  aqae- 
on>  yapour  as  mist  or  fog.  Cause  of  this  explained.  Air  chilled  by 
contact  with  high  land.     Formation  of  fog.     Pp.  268 — 270, 

Definitioii  of  cloud.  Characteristics  of  clouds.  Work  done  by  donds, 
and  tbeir  use  and  advantage  in  tk;  economy  of  nature.  Where  clouds 
form.  Clouds  over  forests  after  rm.  Clouds  forming  over  valleys. 
Beratien  of  oionds.    Course  of  ;.louds  on  the  Peak  of  TcDoiffik 
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Meohanical  difficulty  involved  in  the  formation  of  cloud.  Quantify- 
of  water  in  a  cubic  yard  of  air  at  a  certain  temperature.  Source  of 
the  vapour  that  passes  into  the  air.  Tendency  of  vapour  to  assume 
the  form  of  the  object  by  which  it  is  caused.  An  immoveable  cloud 
formed  on  the  top  of  a  mountain  by  a  drifting  wind.  Such  a  cloud 
a  driving  mist.     Pp.  270—273. 

Cloads  forming  half  way  up  a  moimtaiu  side.  Tendency  of  a  cloud 
once  formed  to  remain  suspended  in  mid-air.  Different  kinds  of  clouds 
thus  formed  are  characteristic.  Cirrus  clouds — their  origin,  form, 
colour,  and  grouping.  The  phenomena  of  broken  light  derived  from 
them.  Iridescent  character  of  such  clouds.  Occasional  production 
of  parhelia  or  false  suns.  Passage  of  the  cirrus  into  the  cirrostratiu. 
Horizontal  and  diverging  bands  of  cloud.  Cwmulvs  clouds — how 
formed  and  got  rid  of.  Grotesque  and  varied  forms  of  these  clouds. 
Cwmtlo-stratus  clouds — their  relations  to  the  cumulus.  Hain-cloud 
{nimbus).  Kagged  form  and  sweeping  outline.  Nearness  to  the  eartlu 
Appearance  of  sweeping  motion  often  false.  Fanciful  uppearonceB 
taken  by  clouds.  Description  of  rain  clouds  by  Euskin.  Motions 
of  clouds.  Fantastic  forms  of  clouds  indicating  change  of  weather. 
Examples  of  permanent  cloud  with  a  varying  wind.  Clouds  coming 
up  against  the  wind.  Colours  and  shadows  of  clouds.  Causes  of 
colour  in  clouds.    Pp.  273—278. 

Floating  of  clouds  in  the  air.  Mode  in  which  clouds  are  suspended  in 
the  air.  Nature  of  the  vapour-atmosphere.  Mode  in  which  two  gases 
mix,  without  reference  to  their  specific  gravity,  by  diffusion.  Simila- 
rity of  condition  in  the  case  of  the  vapour-atmosphere  within  the 
atmosphere  of  dry  air.  Dr.  TyndaU's  researches  in  this  direction. 
The  resumption  of  the  visible  form  the  most  difficult  part  of  the 
subject  to  explain.  Conversion  of  mist  into  dry  cloud.  Disturbance 
of  electric  equilibrium  in  such  cases.  Formation  of  drops  of  rain. 
Change  from  invisible  to  visible  vapour  not  always  accompanied  by 
electric  action.    Pp.  279— 281. 

Plienomena  of  rain  as  seen  in  the  tropics.  Quantity  of  rain  thus  falling. 
Extreme  cases  of  rain-fall  in  India.  Extreme  rain  in  any  one  day  in 
the  tropics.  Account  of  the  rain-fall  in  temperate  latitudes.  Cause 
of  rain  in  these  latitudes.  Average  rainfaU  on  the  western  shores  of 
Europe.  Enormous  rain-fall  in  England  iii  certain  places.  Contrast 
with  other  parts  of  the  country  at  no  great  distance.  Mean  annual 
rain-faU  of  the  British  islands,  and  of  each  natural  division  of  the 
country.  Bain-fall  in  various  parts  of  England.  Dependence  of  the 
average  on  local  conditions.  Time  of  greatest  rain  in  the  British 
islands — and  of  least  rain.  Months  of  maximum  rain-falL  Crradual 
diminution  of  rain-fall  in  England.     Pp.  281 — 284. 

Condition  of  other  countries  as  compared  with  England.  Condition  of 
the  interior  of  Asia  and  Africa  as  compared  with  England.  The  d* 
serts  and  the  rainless  districts  of  the  western  coast  of  South  Americtt 
General  result  of  change  of  geographical  condition  on  the  rain-^U 
and  on  the  distribution  of  rain.  Difference  between  the  northern 
and  southern  hemisphere  in  regard  to  the  rain-fall  and  distribution 
of  water.  The  northern  hemisphere  the  condenser,  and  the  southenn 
the  reservoir.    Heat-changes  hence  resulting.    Pp.  284,  285. 
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Physical  force  exerted  in  tlie  couversion  of  water  into  vapour,  and  the 
converse.  Estimate  of  this  force.  Estimated  rain-fall  on  the  earth. 
The  rain  regarded  as  representing  the  heat  received  on  the  earth  from 
the  sun.  Cloud  and  mist  do  not  necessarily  precede  rain.  Fhenc 
mena  called  serem,  and  its  cause.  Total  annual  rain-fall  on  the 
different  natural  divisions  of  the  earth  estimated.  Mode  in  which 
the  rain  thus  falling  i^  got  rid  of.    Pp.  285—287. 


CHAPTER  XV. 

CLIMATE   AlTD   WEATHER. 

Climate.  Nature  of  climate.  Causes  that  produce  climate.  Importance 
of  heat.  Distribution  of  heat  different  in  different  places.  Mode  of 
estimating  the  heat  at  a  station.  Nature  of  the  averages.  Times  when 
the  temperature  is  nearest  the  daily  average.  Besult  of  radiation. 
Modifications  of  distribution.  Advantages  of  position  of  islands  and 
sea  coasts.  Early  attempts  to  estimate  relative  temperature.  George 
Eorster.  Humboldt.  Dove.  Explanation  of  the  nature  of  isother- 
mals,  isotherals,  and  isocheimal  lines.  Monthly  isothermals.  Iso- 
1;hermal  planes.  Isothermals  in  pairs  of  lines.  Local  nature  of  high- 
est and  lowest  isothermals.  Pp.  288 — 290. 
Importance  of  monthly  isothermals.  Uniformity  of  weather  under  cer- 
taiu  limitations.  General  result  of  the  study  of  the  monthly  isotherm 
mals  in  Asia,  Europe,  the  British  islands,  and  America.  Influence 
of  the  Gulf  stream  and  the  melting  of  glaciers.  Modifications  of  cli- 
mate and  cause.  Gradual  increase  of  temperature  of  the  earth's  sur- 
face from  January  to  July.  Extremes  of  cold.  Position  of  maxima 
of  cold.     Pp.  290— 291. 

Effect  of  the  sun  in  producing  and  modifying  the  range  of  daily  tempe- 
rature. Dependence  of  the  healthy  state  of  the  atmosphere  on  tem- 
perature. Development  of  vegetation  and  advance  of  the  spring. 
Estimate  of  range  of  temperature.  The  daUy  range,  how  obtained. 
Difference  in  different  parts  of  the  country.  Actual  average  at  Green- 
wich. Illustration  of  the  meaning  of  range  of  the  thermometer  and 
the  value  of  averages.  The  senses  do  not  always  agree  with  the  ther- 
mometer indications.  Temperature  only  one  of  several'  elements  of 
climate.     Pp.  292—294. 

Pressure  of  the  air  as  affecting  climate.  Elasticity  of  the  air.  Sensitive- 
ness of  the  human  frame  under  certain  circumstances.  Position  im- 
portant as  influencing  prevailing  winds.  Character  of  particular  winds. 
Dependence  of  this  on  position.  Prevailing  winds  to  be  alluded  to  in 
describmg  oUmate.  Eesult  of  opposing  winds  near  a  coast.  Climate 
of  England  produced  by  its  position.     Pp.  294 296. 

Eain-fall  as  affecting  climate.     Cloud  in  its  influence  on  climate.     Eng- 
lish climate  not  on  the  whole  unfavourable.     England  remarkable  for 
fceguent  change.    Favourable  influence  of  island  climates  on  vegetable 
animal  life  generally.    Electrical  state  of  the  air  au  element  of 
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'OUmate.  Ozone,  its  meaning.  Want  of  ozone  unfavourable  to  healtlu 
Advantage  of  vicinity  to  ocean.  Islands  generally  more  healthy  than 
continents.  Many  climates  in  one  country.  Climates  of  different 
countries.  Changes  in  the  physical  features  of  a  country  involve 
changes  of  climate.  Consequences,  were  the  Gulf  Stream  to  change 
its  course.  All  such  changes  independent  of  any  change  of  mean  an- 
nual temperature.  AnimEd  inhabitants  and  vegetation  might,  hotr- 
ever,  be  greatly  altered.  Incessant  change  in  all  respects  the  law  of 
nature.  Climate  also  changed  by  human  influences.  Changes  thus 
produced  in  Bngland.     Fp.  296 — 302. 

Weather. — Definitioit.  Constantly  shifting.  Chief  peculiarities  of  wea- 
ther. Pine  season.  Cycles  and  periods  of  fine  weather.  Bad  weather 
the  converse.  Average  of  weather  is  climate.  Climate  may  change, 
but  weather  must  change.  Weather  may  be  uniform  over  wide  tracts 
having  different  climates.  Example  in  1842.  Weather  different  on 
the  two  sides  of  a  mountain  chain.  Calms  in  the  centre  of  cyclonic 
storms.  Further  definition  of  weather.  Nature  of  changes  con- 
stantly going  on  in  the  atmosphere.  Complication  thus  introduced, 
and  necessity  of  special  instruments  to  measure  and  record  the  ele- 
ments of  weather.  Possibility  of  foreseeing  changes  of  weather  with- 
out instruments,     Fp.  802 — 305. 

Various  weather  indications.  Clearness  of  outline  of  distant  objeoti. 
Appearance  of  the  clouds.  Various  meteors.  Fassage  of  light  into 
massive  clouds.  Alteration  of  form  or  other  appearance  of  clouds 
indicative  of  coming  change.  Various  strata  of  air  under  very  diffe* 
rent  conditions.  Kising  of  smoke  in  the  air.  Direction  of  wind,  and 
of  change  of  wind.  Easterly  winds  and  their  nature  in  our  olimate> 
Their  characteristics.  Habits  of  animals  and  conditions  of  vegetation 
and  human  sensations.    Fp.  806 — 308. 

Instruments  used  to  record  the  differences  of  the  state  of  the  air  that 
produce  these  indications.  Barometer — what  it  is  and  what  it  teaches 
— what  is  required  to  give  it  value  as  a  weather-gauge.  Nature  of 
barometric  observations.  Comparison  of  barometric  with  thermome- 
trie  changes.  Observations  concerning  the  direction  and  force  of  the 
wind.  Backing  of  the  wind  an  indication  of  bad  weather.  Auroral 
appearances  unfavourable.    Magnetic- storms.    Pp.  309 — 311. 

Peculiarities  of  weather,  even  if  continued,  do  not  involve  permanent 
change.  Cycles  of  weather  occur.  Foretelling  weather  idways  un- 
certain. Ordinary  indications  fail  to  tell  us  of  changes  some  time 
distant.  Bules  &om  experience  very  valuable.  All  guesses  at  weather 
result  from  experience  and  observation.  Important  work  of  the  me- 
teorologist. Mutual  dependence  between  material  and  immaterial 
parts  of  the  creation.  Influence  of  weather  on  human  intellect.  Cli- 
mate and  weather  not  permanently  deteriorated.  Weather  and  cli* 
mate  not  permanent.  Weather,  as  well  as  climate,  must  have  greatly 
changed  during  different  periods  of  the  earth's  history.  Weather  lest 
changeable  when  the  climate  admitted  of  tree-vegetation  to  the  Arctift 
circle.  Excessive  climate  and  changeable  weather  following  this  pe» 
liod.    Other  more  recent  modifications.    Pp.311 — 314. 
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PAKT  THE  FIFTH. 
FIRE. 

CHAPTBE  XVI. 

yOIiOAKOES  AND  TOLOAITIO  PEEITOUEyA. 

fbanomens  of  volcanoes  geneirally.  Effect  on  the  senses.  Apparent 
magnitude  and  importance,  and  long  duration.  Actual  limitation  of 
the  phenomena  generally.  Account  of  the  crater  of  Kilauea  (Hawtdi), 
and  the  eruptions.  Peculiar  nature  of  the  eruptions.  Histoiy  of  an 
ordinary  eruption,  Example  at  Coseguina,  in  the  Andes,  of  enormous 
quantities  of  fine  dust.  Masses  of  roek  erupted.  Outflows  of  lara 
in  Iceland.    Pp.  317— 322. 

CSiemical  phenomena  of  volcanic  eruptions.  Vapour  of  ■irat«r  and 
gases.  Kature  of  the  gas  at  the  beginning  and  end  of  on  eruption. 
Abundance  of  chlorides.  Ammoniacal  products.  A  him  and  carbo- 
nate of  soda.     Pp.  322—324. 

distribution  of  volcanoes.  Number  of  cones  and  volcanic  vefits.  Poei- 
tiou  of  volcanoes  and  volcanic  bands  on  the  earth.  Interference  of 
volcanic  basins.  Volcanic  lines  on  the  edges  of  the  great  oceanic 
]>asins.     Order  of  importance  of  the  volcanic  areas.     Pp.  324 — 327. 

Buropean  system  of  volcanoes  defined  and  described.  Etna,  Vesuvius, 
and  the  IJipari  islands.  Extension  of  this  line  to  the  semi-extinct 
Tolcanoes  of  the  Apennines.  Volcanic  action  on  the  Apennines. 
Account  of  Etna.  History  of  its  eruptions.  Connection  with  Strom- 
boU.  Graham's  island.  Vesuvius.  History  of  eruptions.  Volcani© 
band  of  the  Greek  islands.  Eruptions  of  Santorin.  Coincident  dis- 
turbances between  the  Greek  Archipelago  and  Sicily.  Asia  Minor 
and  its  volcanoes.  The  Tauriis  and  Caucasus  contain  volcanic  rock. 
Syria,  the  Holy  Land  and  Arabia  volcanic.  Volcanoes  of  eastern 
Africa.  Absence  of  volcanoes  in  northern  Africa.  Volcanoes  in  the- 
Azores  and  Canary  islands.  Cape  de  Verd  islands.  Ascension  and 
St.  Helena.  Trinidad  (8.  Atlantic)  and  Tristan  d'Acunha.  Interior 
of  Africa  and  Australia.  Icelandic  volcanic  group  and  Jan  Meyen'» 
Island.     Hecla  and  its  eruptions.     The  Geysers.     Pp.  327 — 332. 

Toloauoes  of  the  interior  of  Asia  and  China.  Islands  of  Asia.  Vol. 
canoes  of  Sumatra  and  Java.  Branch  of  the  volcanic  belt  to  the 
Phillippines  and  Formosa.  Extension  of  this  line  to  the  Eurile 
islanda  and  Kamtchatka.  Australian  group  and  New  Zealand  vol- 
canoes. Hawaii.  Various  volcanic  islands  in  the  Pacific.  American 
■ystem.  Tierra  del  Fuego  and  Patagoniaii  volcanoes.  Chilian  Andea 
and  their  volcanoes.    Peru  and  Bolivian  Andes  and  their  volcan'^es.. 
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Quito  and  Ootopaxi.  Mam  branch  to  the  West  Indian  islands. 
Guatemala  group  on  the  Pacific  coast  of  central  America,  Volcauoei 
in  Mexico  and  California.  West  coast  of  North  America  (Mount 
iElias),  Aleutian  islands  and  Eamtchatka.  Further  continuation  by 
the  Kurile  islands.     Pp.  332—335. 

ETidence  of  subdued  and  decaying  activity  in  certain  volcanic  districts. 
Name  "pseudo-volcanic"  applied  to  such  phenomena.  Varieties  re- 
cognised. Funieroles.  Solfataras.  Eruptions  of  boracic  acid.  Boiling 
springs.  Mnd  volcanoes  instances  of  decaying  energy.  Jjimitation 
of  mud  volcanoes.  Becent  eruption  of  a  mud  volcano  in  Sicily.  His- 
tory of  the  eruption.  Mud  volcanoes  of  the  Crimea  and  Taman. 
Groups  of  volcanoes  of  this  kind  recently  in  action.  Wide  range  of 
the  phenomena.  Mud  volcanoes  of  northern  Italy.  Subdued  volcanic 
action  in  Java  and  in  Mexico.  Other  cases  in  the  West  Indian  islands, 
in  Cahfomia,  and  in  Iceland.  Nature  of  the  material  erupted.  Variety 
of  material  of  mineral  springs  in  different  places.     Pp.  335 — 339. 

Limit  of  distribution  of  volcanoes  further  considered.  Vicinity  of  the 
sea  in  most  cases.  Contents  of  sea  water  in  lava.  Volcanic  dust. 
Organic  indications  in  such  dust.  Mechanical  origin  of  volcanoes. 
Theories  of  Humboldt  and  Von  Buch.  Opposing  views  of  Darwin, 
Lyell  and  Scrope.  Explanation  of  Jorullo,  in  Mexico,  quoted  by  Hum- 
boldt. Extinct  volcanoes.  Instances  in  Auvergne  (Central  Erance), 
and  on  the  Bhine,  near  Bonn,  delations  of  volcanoes  with  one  another. 
How  produced.  Condition  of  the  earth's  interior  as  deduced  &om 
such  phenomena.  Connection  of  volcanic  with  earthquake  pheno- 
mena often  at  a  great  distance.    Pp.  310 — 343. 


CHAPTEK  XVn. 

BASTEQrAKES. 

Nature  of  vibrations  of  the  earth,  called  earthquakes.  Earthquakes 
common  in  volcanic  districts,  but  often  felt  in  countries  at  a  great 
distance  from  volcanoes.  Illustration  of  the  connection  existing  be- 
tween volcanoes  and  earthquakes.  Example  of  Stromboli — of  Pasto, 
in  Peru — in  the  Azores  and  West  Indies,— in  the  Mississippi  valley. 
Nature  of  an  earthquake.  Position  of  its  source.  Variety  of  explo- 
sions. Three  kinds  of  earthquakes.  Destruction  to  human  life  in 
great  earthquakes.  Various  phenomena  preceding  earthquakes  and 
serving  as  warnings.  Noise  accompanying  earthquakes.  Vast  area 
over  which  such  noises  have  been  heard.  Direction  of  axis  of  dis- 
turbance indicated  during  an  earthquake.    Pp.  344 — 347. 

Distribution  of  earthquakes  in  space.  Difficulty  of  discovering  the 
exact  point  at  which  vibration  has  commenced.  Matters  to  be  con- 
sidered in  estimating  the  importance  of  an  earthquake.  Magnitude 
of  area  affected.  Three  classes  of  areas.  Practical  limit  of  a  shock. 
Description  of  the  belts  of  earthquake  action.  North  western  area,  in- 
cluding Iceland.  Northern  band,  &om  Sweden  into  Russian  Lapland. 
Southern  area,  &om  Portugal  to  the  Azores.  Band  from  Tunis, 
through  Sicily,  into  Italy.    Central  and  eastern  French  area.    lUienish 
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■yslem.  British  islanda,  western  France,  and  the  Channel  _-  --— 
connected  by  one  belt.  EarthquaieB  in  the  Carpathian  and  Balkan 
ranges.  Earthquakes  in  eastern  Europe  and  Greece,  and  north  easUsra 
Africa.  Line  of  disturbance  in  northern  India,  in  central  Asia  and 
in  northern  Asia.  South  American  band.  Earthquake  area  in  north- 
western America  and  in  the  Arctic  seas,  in  the  Antarctic  circle,  m 
Australia,  and  Van  Biemen's  Land.  General  conclusions  concerning 
earthquakes.    Pp.  348—351. 

Distribution  of  earthquakes  in  time.  Perrey's  and  MaUett  s  calcula- 
tions on  this  head.  Recorded  earthquakes  considered.  Small  pro- 
portion of  really  important  earthquakes.  Number  of  days  that  pass 
without  an  earthquake  being  felt.  Law  of  earthquake-distribution. 
Periods  of  intensity  and  intervals  of  repose,  the  usual  law.  Certain 
centuries  have  been  marked  by  great  results.    Pp.  351 — 353. 

Arrangement  of  earthquake  areas.  Distribution  of  earthquakes  in  diffe- 
rent seasons.  Case  of  the  Scandinavian  peninsula.  Case  of  the  British 
islands.  Spanish  peninsula.  Other  parts  of  Europe.  North  Atlantic 
Ocean  and  North  America.  West  Indies.  South  America.  Excess  of 
earthquakes  in  winter  and  autumn.  Periodicity  of  earthquakes  in  refe- 
rence to  the  moon's  age.  Groups  of  smaller  earthquakes.  Veiy 
riolent  earthquakes.    Distance  of  point  of  origin.    Pp.  353 — 358. 


PAKT  THE  SIXTH. 

LIFE. 

CHAPTER  XVin. 

THB   nSTEIBUXIOlf  OP  PLANTS  IN  TSB  DEPFEEENT  COITNTBISB 
OP   THE   EAETH. 

Eelation  of  life  to  the  universe.  Vital  energy  a  form  of  force.  Life  an 
essential,  not  an  exceptional  phenomenon.  Absence  of  materialism 
in  this  view.  Selection  of  a  plan  of  creation.  Requirements  of  life. 
Conditions  favourable  to  life.  Life  thrusts  itself  in  everywhere. 
Modifications  of  form  incident  to  life.  Death  a  natural  and  inevitable 
result  of  life.  Growth  of  species  resembles  growth  of  individualB. 
Distribution  of -plants  and  animals.  The  best  adapted  species  must 
be  those  existing  permanently  in  a  district.  Importance  of  this  law 
of  nature.     Pp.  361—364. 

Grouping  of  plant  life.  Cryptogamia.  Habits  and  distribution  of  these 
plants.  Their  seeds  everywhere  present.  Monocotyledmu.  Nature 
of  the  plants  thus  named.    Dicotj/ledtma, — their  nature  and  structnie. 
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Orowtli  of  plants.  Annuals  and  perennials.  Conditions  faTonnbls 
to  the  distribution  of  plants.  Causes  climataL  Limits  of  vegetation 
defined  by  cUmate.  Advance  of  vegetation  sometimes  at  the  expense 
of  animal  life.  Botanical  regions.  Humboldt's  regions.  Distribu- 
tion in  space  horizontally  may  compare  with  distribution  vertically. 
Difference  of  range  of  plants  in  different  districts,  how  caused.  Spe- 
cies of  plants  representative,  not  identical.  Nature  of  representation 
in  horizontal  space.  Transmission  of  species  sometimes  possible,  but 
often  impossible.  Migration  of  plants  Umited,  but  may  extend  very 
widely.    Examples  of  veiy  wide  range.    Pp.  364—  367. 

Floras  of  different  regions.  Indo-Australion  Archipelago — marked  dis- 
tinction in  floras  of  the  western  and  eastern  sides.  Indo-Malayan 
region  and  its  botanical  contents.  Example  of  Java.  Flora  of  Hin- 
dostan  plains.  Contrast  of  its  flora  with  that  of  the  banks  of  the 
Amazons  and  Brazil.    Pp.  367 — 371. 

Flora  of  tropical  Africa.  Difference  of  floras  of  eastern  and  western 
Africa.  Euphorbia  tribe,  a  connecting  link.  Tropical  Arabia  and 
its  flora.  Floras  of  Africa  out  of  the  tropics.  Australian  floras. 
Special  floras  of  Norfolk  Island  and  'Sew  Zealand.  Floras  of  North 
America.  Characteristic  plants  of  the  middle  States,  Difference  of 
vegetation  on  the  eastern  and  western  sides  of  the  continent.  Pacific 
coast  fiora.  Islands  of  the  Pacific.  Madagascar,  Bourbon,  and 
Seychelles  islands.  Sandwich  island  group.  Galapagos  Archipelago. 
Effect  of  natural  barriers  of  various  kinds  on  floras.     Pp.  371 — 376. 

Floras  of  the  temperate  regions  of  the  Old  World.  Variety  of  floras  in 
the  British  islands.  Characteristics  of  vegetation  of  central  Europe. 
Differences  north  and  south  of  the  mouutaia  chain.  Differences  in 
advancing  eastwards.  Floras  of  northern  Asia.  The  steppes.  Chinese 
flora.    Arctic  vegetation.    Pp.  376—379. 

Ckneral  conclusion  concerning  land  floras  confirmed  by  distribution  of 
plants  in  the  ocean.  Nature  of  marine  plants.  Dr.  Hooker's  provinces 
of  marine  vegetation.  Wide  spread  of  the  more  highly  organised 
marine  plants.  Lower  forms  of  vegetable  hfe.  Confervse  of  the  Bed 
Sea  and  other  seas.  Throughout  all  nature  the  representative  forms 
can  live  side  by  side.  No  new  centres  of  creation  and  systems  of  new 
plants.  Absence  of  proof  of  cataclysmic  destruction,  or  sudden  de- 
struction of  groups  of  ^ecies.     Pp.  379 — 381. 


CHAPTER  XIX. 

THE  SISTBIBTTTIOI?  OV  AKIMALS   ON   TBE  EABIH. 

Distribution  of  land  animals  resembles  that  of  plants,  following  similar 
laws.  Species  originate  at  certain  points,  and  do  not  naturallj  pro- 
ceed beyond  a  certain  dista  ice.  Illustration  in  the  case  of  the  horae 
in  Europe,  and  of  the  dog  iu  Australia.  The  dodo,  the  rat,  the  wol^ 
and  the  beaver,  further  illustrations.  Introduction  of  man.  Distri- 
bution of  marine  animals  similar.  Regions  of  depth  established  by 
Professor  E.  Forbes.  Distribution  of  the  animal  kingdom  in  water, 
«arth  and  air.    Pp.  382—384. 
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IiiliBbitantBofthesea.  Marine  mammals.  a?lie  seal  and  walrus,  dagong 
and  manatee.  Marine  birds.  The  penguin,  petrel,  and  albatroBi 
The  pelican  and  cormorant.  Deposits  of  guano  by  birds.  Marine  rep- 
tiles. Fishes.  Fishes  the  chiefthough  not  the  only  tenants  of  the  water. 
Kare  occasions  on  which  fish  leave  the  water.  Examples  of  flying  fish 
and  creeping  fish.  Habits  of  fishes.  Movements  of  fishes.  Examples 
of  strangely-shaped  fish  and  fishes  with  singular  habits.  Fish  adapted 
for  human  food.  Herring  and  cod.  Fish  occasionally  live  in  vra-f 
deep  water.    Pp.  384—388. 

Crustaceans.  Annelids  or  worms.  Danger  to  telegraph  wires.  MoUnsca. 
The  cuttle  fish  or  squid,  and  nautilus — their  structure  and  habits. 
Other  animals  inhabiting  shells— their  beauty  and  habits.  Phospho- 
rescent molluscs  and  aUied  animals.  The  salpa.  Kadiated  animals. 
Star  fish  of  various  tinds.  Discovery  of  star  fish  at  the  bottom  of 
the  Atlantic.  Sea  nettles,  and  Medusse  or  jelly  fish — their  use  aa 
food  for  the  largest  aquatic  animals.  Sea  anemones  and  polyps. 
Coral  animals  and  their  structures.  Foraminiferee  or  the  inhabitants 
of  many-chambered  shells.  Sponges — their  structure,  and  mode  of 
taking  food.    Pp.  388—394. 

Land  animals.  Insects  and  spiders.  Insects  generally  most  abundant, 
in  the  tropics.  Efficacy  of  natural  barriers.  Mountain  chains  and 
rivers  compared.  Abundance  of  insects  near  tropical  nvera.  Con- 
veyance of  certain  species.  Limitation  of  some,  as  the  tse-tse,  to 
certain  localities.  Insects  with  great  powers  of  flight.  Locusts  and 
ants  migrate.  G-reat  influence  of  the  migratory  instinct.  Law  of 
nature  deduced  fi:om  studying  the  instincts  of  species  and  local 
faunas.    Pp.  394—397. 

Distribution  of  reptiles.  Their  peculiarities.  N^atural  groups.  Java 
and  America  extremely  rich  in  species.  Australian  unlike  Asiatic 
species.  Frogs  much  limited.  The  Surinam  and  Brazilian  toads  com- 
pared. Serpents  of  Europe  contrasted  with  those  of  Iforth  America 
and  Australia  in  similar  latitudes.  A&ica,  the  land  of  serpents. 
Tropical  Africa  and  tropical  America  compared.  Crocodiles  in  various 
warm  countries.  Bange  of  crocodiles.  Asia  rich  in  lizards.  Tortoises 
and  turtles.  Marine  turtles.  Large  districts  and  countries  without 
reptUes.    Pp.  397—400. 

Birds,  their  great  powers  of  locomotion.  Natural  groups  of  birds. 
TropicalAmerica  the  richest  country.  Migration  of  birds.  European 
characteristic  birds  are  finches  and  singing  birds.  Asiatic  gallinaceous 
birds  also  characteristic.  Brazilian  birds  extremely  brilliant  in  plu- 
mage. A&ica  rich  in  birds.  Ostrich,  secretary  bird,  honey  birds 
and  parrots,  very  common.  South  America  also  rich.  Humming 
birds  and  parrots  very  abundant,  but  not  easily  obtained.  Vultures 
and  condors  common  in  South  America.  Australian  birds  very 
singular.  Australian  and  New  Zealand  bird-fauna.  The  apteryx  and 
allied  species  now  extinct.  Pp.  400 — 402. 
Quadrupeds  or  mammals.  Their  wide  distribution.  Natural  groups. 
Monkeys,  baboons,  chimpanzee,  and  gorilla,  in  central  Africa.  Car- 
nivora  richest  in  the  tropics.  Numerous  species  found  in  northern 
Asia.  Mixture  of  species  found  there.  Instance  in  the  scaly  ant 
eaten.    Complete  separation  from  the  Australian  types,    The  mar- 
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snpial  character  of  all  Australian  species.  Peculiarity  of  Australian 
faunas.  A&ica  a  curious  zoological  province.  South  American  and 
Australian  quadrupeds  compared.  North  America  remarkable  for  large 
ruminants.  G-eueral  resume.  The  condition  of  quadrupeds  corres- 
ponds with  that  of  plants.  Suggestions  as  to  how  the  changes  have 
been  introduced.  Probable  law  of  deTelopment  goTcming  such  changes 
and  introducing  new  species.    Pp.  403 — 406. 


CHAPTER  XX 

BISTBIBWTION  OP  PLANTS  ABD  ANIIIAIS  DT  TIIIB. 

Old  argnment  concerning  organic  remaius.  Origin  of  the  name  fatsU. 
Identity  with  the  indications  of  extinct  animals.  Origin  of  Pa/izon- 
iology  as  a  science.  Distribution  of  species  in  time  a  law  of  nature. 
Results  that  should  be  obtained  by  the  study  of  paljeontology.  Aa- 
sumption  of  specific  centres.  Natural  provinces  thus  designated. 
Necessity  of  tracing  Back  the  history  of  provinces.  Relation  of  va- 
rious fiunilies  of  animals  and  plants  in  one  province.  Connection  of 
races  separated  by  impassable  barriers.  Giireat  amount  of  time  de- 
manded.   Pp.  407—410. 

Vegetable  remains  found  in  rocks  of  all  ages.  AH  kinds  of  plants  in- 
cluded. Cambrian  vegetable  fossils,  manne.  Land  plants  in  silurian 
rocks.  Remains  of  ferns  most  abundant.  Club  mosses,  cycads  and 
eoniferro  accompany  ferns.  Lepidodendron,  calamites  and  sigiUarisB^ 
the  names  given  to  the  most  remarkable  and  abundant  trees.  Account 
of  these  extinct  genera.  Zamias  and  cycads  of  somewhat  less  ancient 
date.  Tertiary  fossil  vegetation.  Difficulty  of  identification  of  fossil 
]>lantB.    Pp.  411,  412. 

Animal  remains.  Protozoa.  Sponges — their  peculiarities  of  structure 
and  distribution.  Foramlnifera — their  structure,  habitat,  extent  of 
fossil  remains,  and  existence  in  the  oldest  rocks.  Large  rocks  made 
up  of  fossils  of  this  kind.  The  mud  of  the  Atlantic  made  up  of  their 
skeletons.  Species  named,  many  ;  but  real  species  probably  few. 
Wide  range  of  some  species.  Other  fossil  invertebrates.  Qraptolites 
— their  range  and  modern  representative.  Stony  corals.  Bryozoa, 
and  their  range.  Star-fishes,  and  other  Radiata.  Pentaorinites. 
Distribution  of  radiata  in  time.  Articulata,  and  their  distribution 
in  time.  Barnacles  common  in  the  rocks  of  the  cretaceous  period. 
Crustaceans.  Entomostraca  widely  spread  &om  the  earliest  time. 
Large  size  of  Old  red  sandstone  crustaceans.  Resemblance  to  limulus. 
Trilobites  very  common  in  old  rocks.  Structure  and  distribution  of 
trilobites.     Lisects,  not  abundant  in  a  fossil  state.    Pp.  412 — 415. 

Mollusca  very  common  and  widely  spread.  The  brachiopoda  and  their 
distribution  now  and  formerly.  Habits  of  existing  species.  Great 
resemblance  of  some  fossil  to  some  recent  >'pecies.  Aberrant  forms  of 
brachiopoda.  Rhynchonella,  and  its  representatives.  Great  abun- 
dance of  extinct  species.  Other  varieties  of  brachiopodous  shells. 
Other  bivalve  shells.  Large  number  of  extinct  species.  Remarkable 
groups.    Oysters,  scallops,  cockles,  boring  shells,  and  others.    Extinct 
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TmiralTes.  Snails.  Heteropoda.  Cephalopoda,  Various  and  nnm^ 
rous  extiDct  forms  of  cephalopoda.  Ammonites  and  belemmte*— 
■wide  distribution  of  these  univalve  molluscs  in  certain  rocks,  and 
■absence  of  them  in  older  rocks.     Pp.415 — 419. 

Doubt  whether  fishes  were  associated  vpith  less  complex  forms  of  animal 
life  in  old  rocks.  Oldest  fish  remains  yet  described.  Kinds  of  fish 
represented.  Coprolites  of  fishes.  Spines  and  teeth  common  with 
fragments  of  the  skin.  Difficulty  of  accounting  for  the  introduction 
of  new  species.  Doubt  whether  the  negative  evidence  afforded  by  the 
absence  of  fishes  is  significant.  Abundance  of  remains  of  sharks  and 
rays,  and  rarity  of  other  fishes'  remains  in  old  rocks.  Reason  why 
the  teeth  are  most  frequently  and  best  preserved.  Teeth  of  true 
sharks.  Remarkable  forms  of  fishes.  Pterichthys,  Cephalaspis,  Coo- 
costeus,  and  other  characteristic  fishes  of  the  old  red  sandstone.  Silu- 
roid  fish.  Megalichthys.  its  peculiarities  of  structure.  Lepidotus, 
its  peculiarities.     Fossil  sturgeons  and  sword-fish.     Pp.  419—422. 

Ichnology,  a  peculiar  department  of  palaeontology.  Fossil  foot-steps. 
Indications  of  inanimate  and  animate  nature  in  ancient  times,  thus 
designated.  Nature  of  such  indications.  Curious  objects  indicated 
in  old  rocks.  Labyrinthodon  thus  originally  discovered.  Supposed 
structure  and  habits  of  this  animal.  Singular  proportions  of  the  ex- 
tremities.   Value  of  these  indications.     Pp.  423 — 424. 

Beptllian  remains.  Marine  reptiles  of  large  size.  Ichthyosaurus.  Minute 
details  of  the  animal  made  out.  Combination  of  fish  and  reptiliar 
characters  in  the  Plaeodus.  Comparison  with  AustraUan  lizards. 
Structure  of  the  Plesiosaurus,  another  marine  saurian.  Curious  form 
of  skeleton.  The  Flioeaurus  less  abnormal  in  some  respects.  Curious 
saurian,  whose  remains  were  found  in  south  Africa  (Dicynodon).  The 
Rhynchosaurus,  found  in  England.  The  Pterodactyl,  a  very  remark- 
able reptile,  adapted  for  long  flight.  The  Megalosaurus,  or  great 
carnivorous  reptile.  The  Iguanodon,  a  herbivorous  genus.  Cfooo- 
diles  and  crocodJlean  reptiles.  I/izards  of  large  proportions  in  the 
chalk.    Serpents,  tortoises  and  turtles.     Pp.  424 — 428. 

Birds,  and  mammals.  Birds  known  by  tlieir  footsteps.  Dr.  Green's 
discovery  of  birds'  footsteps  in  America.  The  dinornis  of  New  Zea- 
land. Comparison  vrith  the  apteryx.  Birds'  eggs  from  Madagascar. 
Dodo  and  solitaire  in  Mauritius.  Peculiarities  of  the  dodo.  Rarity 
of  birds'  remains.  Oldest  known  forms  of  quadrupedal  life,  marsupial 
and  very  small.  Other  marsupial  quadrupeds  of  small  size  in  the 
oolites.  Value  of  the  evidence  thus  afforded.  The  tertiary  rocks  rich- 
est in  mammalian  remains.  Earhest  forms  in  tertiary  period.  Tapir- 
like animals.  Cuvier's  discoveries  of  extinct  pachyderms  and  i-unii- 
nants  in  the  Paris-basin  deposits.  Camivora.  Edentates.  Whales. 
Change  of  quadrupeds  in  newer  tertiaries.  Remains  of  elephants 
associated  with  human  productions.  Remains  of  quadrumanous 
animals.     Pp.  428 — 433. 

Deductions  from  the  facts  of  paleeontology.  Inquiry  as  to  how  far 
species  are  fixed  and  definite.  Nature  of  specific  characters.  Mr. 
Darwin's  argument  alluded  to.     Law  of  nature  in  respect  to  the  con- 
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CHAPTER  XXI. 

DISTBIBUTION   OP  THE  HUMAN  BAGS. 

This  subject  belongs  to  physical  geography.  Introduction  of  the  human 
race.  Antiquity  of  the  human  race.  Discovery  of  human  remains' 
in  cayerns  and  gravel.  The  sculptured  flints.  Animals,  vrhose  re- 
mains are  mixed  with  those  of  men.  Great  changes  of  climate  thus 
indicated.  These  changes  gradual.  Origin  of  the  human  species  not 
discussed.  Laws  of  nature  regarding  the  destruction  and  introduo- 
tion  of  species.     Limit  of  the  present  inquiry.     Pp.  436 — 438. 

Characteristic  peculiarities  of  different  races  structural  or  superficial. 
Their  relative  value  and  persistency.  Importance  of  the  cranium 
and  facial  angle.  Conformation  of  the  pelvis.  Bones  of  the  extre- 
mities of  different  races.  Varieties  of  colour,  texture  of  skin,  hair^ 
and  other  details.    Pp.  438—440. 

Typical  groups  of  men.  Representative  races  of  the  Caucasian,  Mon- 
golic,  and  Negro  types.  The  Mongolic  type  and  its  subdivisiona. 
Seven  distinct  groups  of  Mongols.  The  peoples  referred  to  each. 
The  'Segro  tribes  and  their  subdivisions.  Semitic  nations  referred  to 
the  Negro  type.  Caucasian  races,  so  called  by  some  ethnologists. 
Various  groups  and  their  distribution.     Pp.  440 — 444. 

Mixed  races.  Examples  in  Africa  and  Asi^.  Constant  association  of 
races  without  mixture.  Absence  of  dates  in  the  ancient  history  of 
man.  Progress  of  civilisation.  Frequent  re-discovery  of  arts  of  life. 
Records  of  the  early  civilised  peoples  of  Europe.  Retrogression  of 
many  races  into  barbarism.  Absence  of  early  human  history.  Pre- 
sence of  fragments  of  races  in  the  distant  comers  of  continents.  Case- 
of  the  Basque  and  Celtic  races.     Pp.  444 — 447. 

Limits  of  extension  of  certain  races  of  men.  Large  districts  inhabited 
by  uncivilised  man.  Limit  of  advance  in  population  in  such  countries. 
Migratory  nations.  Great  permanent  difference  between  races.  Cul- 
tivation of  food  plants.  Value  of  the  history  of  human  races.  General 
statistics  of  the  human  race.  Number  of  persons  per  square  mile  in 
different  countries.  Relative  number  of  males  and  females  bom. 
Value  of  human  life.    Pp.  447—450. 

CHAPTER  XXXL 

BEPBOTS   or  HtTMAlT  A&ENCY  ON  INANIMATE  NATITBE. 

Influence  of  man  greater  than  that  of  other  animals.  Result  of  burning 
prairies  and  forests.  Rapid  spread  of  fire  under  certain  circumstances. 
Effect  generally  greatest  in  civilised  countries.  Effect  in  deteriorat- 
ing climate.  Land  originally  thickly  wooded  in  temperate  climates. 
Naked  rocks  and  moimtain  sides  once  covered  with  forest.  Examples 
in  the  Ionian  Islands.  Influence  of  certain  animals  in  checking  the 
increase  of  forest.    Difliculty  of  measuring  the  result.    Statistical 
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statement  of  the  cultivated  lands  in  North  America.  Quantity  of 
food  grown.  Pifferent  ways  in  which  human  influence  is  exerted. 
Destruction  of  certain  animals,  as  birds  and  insects, — result  of  this 
not  seen  immediately.  Electric  influence  exercised  by  forests.  Influ- 
ence on  the  state  of  the  atmosphere.  On  the  temperature.  On  cer- 
tain soils  more  than  others.  On  more,  rather  than  on  less,  exposed 
soils.     Pp.  451—454. 

Result  of  clearing  the  Apennines  on  the  valley  of  the  Po.  Increased 
winds  on  account  of  this  change.  Eesult  of  removing  the  pine  woods 
of  Ravenna,  and  of  allowing  the  trees  afterwards  to  grow.  The  vaU^s 
of  Bergamo  affected  by  the  disforesting  of  the  adjacent  country. 
Similar  results  in  Belgium,  in  France,  and  in  Canada.  Change  of 
climate  probable  in  the  north  temperate  zone.  Changes  in  the  rivers. 
Probable  influence  of  forests  on  rain.  Dryness  of  many  parts  of  the 
continent  caused  by  the  removal  of  wood.  Restoring  forest  has  pro- 
duced wetter  seasons  in  Egypt  and  elsewhere.  Forests  affect  the 
supply  of  water  to  springs.  Illustratidn  of  change  in  the  valley  of 
Aragua.  Result  of  removing  forests  always  traceable.  Actual  quBnr 
tity  of  woodland  in  Prance  in  1750  and  1860.     Pp.  455 — 459. 

Other  effects  of  human  influence.  Drainage  of  lakes  and  fens.  Examples 
in  England — ^in  Holland.  New  banks  and  dykes  formed.  Gtrowth 
of  vegetation  strengthening  such  new  banks.  Mode  of  forming  an 
embankment.  Drainage  of  lake  of  Haarlem.  How  and  when  effected. 
Drainage  of  lakes  in  ancient  times  in  Italy — in  Chili — and  in  Switzer- 
land. Drainage  affects  the  evaporation,  and  thus  the  temperature. 
Irrigation  accompanying  drainage.  Great  antiquity  of  irrigation. 
Examples  in  Palestine,  Spain,  and  Turkey.  Eesult  on  the  water- 
courses in  Lombardy.  Embankments  and  production  of  artificial 
channels  affecting  the  transmission  of  water.  Examples  of  deviating 
streams  from  their  natural  courses.     Val  di  Chiana.     Pp.  460 — 165. 

Deposits  of  sand.  Advance  of  sand  on  the  shores  of  Gascony  and  in 
the  great  Sahara.  Available  means  in  vegetation  for  checking  the 
advance.  Conditions  of  the  sand  while  advancing.  Production  of 
HUs  artificially  or  naturally.  Dunes  or  sand-hills  on  the  shores  <A 
the  Bay  of  Biscay.  Terrible  result  of  neglect  of  dunes.  Mode  of 
their  destmction.  How  sand-hills  can  be  formed  or  caused  to  form. 
Use  of  the  Arundo  arenoHa  or  marram.  Protection  of  dones  by 
planting.    Pp.  465 — 169. 

Effect  of  engineering  and  other  operations.  Cutting  across  isthmuses. 
Deposits  left  to  harden  and  collect.  Piercing  the  roof  of  a  cavern. 
Heaps  of  potsherds  and  rubbish.  Mining  for  coal  or  metals.  SDrinei 
thus  affected.    Pp.  470—478. 


DESCRIPTTVE    ACCOUNT    OF    THE 
ILLUSTRATIVE  MAPS. 

In  tbe  present  Edition  it  has  been  thought  well  to  insert,  for 
tiie  convenience  of  the  general  reader,  and  of  such  students 
as  may  not  have  at  hand  an  Atlas  of  Physical  Geography,  a 
short  series  of  outline  maps,  in  which  some,  at  least,  of  the 
chief  phenomena  of  the  science  are  represented.  It  is  im- 
possible, in  maps  drawn  on  so  small  a  scale,  to  indicate  with 
accuracy  or  without  complication,  any  great  multitude  of  facts, 
but  the  Author  hopes  liiat  some  advantage  may  be  derived 
from  the  use  of  them. 


MAP  1. 

OuTiTNB  Index  Map  op  the  Woeij). 

(To  face  the  Title  Page). 

This  map  is  a  general  index  to  the  whole  series,  and  in  it  will  be  found 
the  names  of  the  places  referred  to  in  the  rest.  The  student  must  bear 
in  mind  that  as  these  maps  are  drawn  on  Meroator's  projection,  the  dis- 
tortion in  the  form  of  the  land  in  the  northern  part  of  the  northern 
hemisphere  is  very  great.  This,  no  doubt,  is  a  disadvantage,  but  on  the 
whole,  this  projection  is  perhaps  the  kind  most  useful  and  most  easily 
understood.  It  may  be  well  to  remind  the  student,  tliat  while  the  length 
of  each  degree  of  latitude  is  everywhere  69i  miles,  the  length  of  the 
degree  of  longitude  diminishes  from  the  equator  towards  the  poles. 
The  distance  between  the  parallels  of  latitude,  however,  increasing 
rapidly  towards  the  pole  in  the  maps,  and  the  diraiuishing  length  of  the 
degree  of  longitude,  are  causes  which  render  the  areas  of  the  earth 
enclosed  between  the  lines  always  15  degrees  apart,  actually  much 
smaller  towards  the  poles,  although  the  spaces  are  constantly  larger. 
Thus  the  length  of  equal  lines  as  well  as  extent  of  equal  spaces  in 
different  parts  of  the  map  is  different,  and  the  difference  is  extreme  near 
the  pole.  The  principal  exaggeration,  as  &r  as  the  map  is  concerned, 
is  in  latitudes  north  of  60°. 
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MAP  2. 


ODIXTHS    TWi*    01    BOHE    OP    TEE    FbHTCIEAZ    PHjarOMKHA 

ov   Laitd. 

Page  58. 

In  this  map  the  depth  of  ehading  corresponds  in  some  measure  to  the 
height  of  the  land  ahore  the  sea  level.  The  map  marks,  in  a  general  way, 
the  position  and  direction  of  the  two  main  geographical  axes  of  the 
globe ;  the  position  of  the  principal  cnlminating  points  being  in  the 
strong  dark  lines  marking  the  position  of  the  Tarious  chains.  Near  and 
between  some  of  the  lines  connecting  mountain  tops,  are  some  darkly- 
shaded  tracts  marking  the  position  of  the  plateanx  of  greatest  elevation. 
The  other  plateaux  are  indicated  by  fainter  shading.  The  low  lands, 
with  their  designation  in  different  parts  of  the  world,  are  indicated  by 
etui  fainter  shading.  In  this,  as  in  the  Index  map,  the  student  may 
etady  the  irregolarities  of  form  of  the  land  in  the  great  divisions,  and 
their  reference  to  the  mountain  axes. 


MAP  3. 

OuTIiHIE   HTDBOaBAFHTO   Map  OV  IKE  WOBU). 

Page  129. 

The  water  in  this  map  is  shaded,  and  the  land  left  plain.  The  out- 
lines of  the  great  hydrographic  basins  with  reference  to  the  oceans,  are 
given  on  the  land,  and  they  serve  to  pouit  out  the  great  relative  impor- 
tance of  the  Atlantic  drainage.  Oidy  the  very  important  streams  are 
marked. 

Several  of  the  principal  oceanic  currents  are  marked,  the  direction  of 
the  current  being  shown  by  arrows.  By  following  the  line  of  theao 
arrows,  the  student  will  be  able  to  trace  the  probable  cause  of  the 
various  drifts  of  ocean,  apart  from  tidal  action,  from  the  open  Pacific 
through  the  labyrinth  of  Islsjids  between  China  and  Australia,  across 
the  Indian  Ocean,  round  the  Cape  of  Good  Hope,  and  across  the  Atlan- 
tic into  the  Gulf  of  Mexico.  The  accumuttion  of  waters  in  that 
heated  part  of  the  ocean  results  in  the  rushing  out  of  the  great  Gulf 
Stream,  which,  from  its  issue  beyond  the  Bahamas,  commences  to  cross 
the  ocean  towards  the  north-east. 

Besides  the  Gulf  Stream,  some  of  the  drift  currents  are  marked,  and 
the  position  of  a  few  of  the  intermittent  currents. 
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MAP  4. 


OuTMNE  Map  of  some  of  the  Peikoipal  Phenomena 
OF  THE  Atmosphere. 

Page  232. 

An  attempt  has  been  made  in  this  map  to  represent  and  illustrate 
some  of  the  limits  of  meteorological  phenomena,  as  far  as  the  size 
of  the  diagram  would  permit. 

The  student  will  h^-e  find  marked  the  line  of  the  earth's  equator, 
the  breadth  of  the  tropics,  the  position  in  the  Atlantic  of  the  zone 
of  calms  and  variable  winds,  the  region  of  the  monsoons,  the  limit 
of  the  region  of  the  monsoons,  the  region  of  prevalent  S.W.  winds, 
&c.  The  limits  of  the  trade  winds  are  also  indicated.  Next  to  thesa 
are  shown  the  position  of  certain  areas  where  rain  is  almost  un- 
known, and  the  position  of  the  zones  throughout  which  rain  may- 
fall  at  any  time  ;  there  is  also  the  position  of  the  zone  of  periodical 
rain.  The  atmospheric  heat  equator,  or  the  line  round  the  earth 
where  the  heat  is  greatest,  and  the  line  where  water  always  exists 
in  the  solid  state  (line  of  permanent  ground  frost)  are  marked. 
Lastly  the  direction  of,  cyclones,  and  of  the  wind  during  such  storms 
in  both  hemispheres,  the  usual  limit  of  such  storms,  and  the  range 
of  typhoons,  or  circular  storms  in  the  China  seas,  are  shown. 

MAP  5. 

Outline  Map  Illustrating  the  Distribution  op  Volcanic 
Phenomena  and  the  Range  op  Earthquake  Action. 

Page  316. 

This  map  is  perhaps  sufficiently  explained  by  the  note  at  the  foot. 
It  shows  how  very  large  a  part  of  the  land  and  sea  is  known  to  be 
under  the  influence  of  those  oscillations  of  level  which  result  in  the 
elevation  and  subsidence  of  large  tracts  of  the  earth's  surface.  It 
is  by  no  means  unlikely  that  many  parts  not  shaded  may  be  under- 
going slow  upheaval,  while  those  most  deeply  shaded  are  affected 
by  movements  more  paroxysmal  in  their  nature. 

MAP  6. 

Outline  map,  showing  the  Distribution  op  some  op  the 
principal  natural  groups  of  Plants  and  Animals. 

Page  361. 

The  distribution  of  plants  and  animals  would  need  a  complete  and 
separate  atlas  to  illustrate  the  subject  thoroughly.  To  illustrate  a 
very  few  of  the  more  striking  facts  with  regard  to  their  distribution 
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in  horizontal  space,  has  been  attempted  in  this  inap,  and  it  is  hope  J 
that  it  may  be  in  some  degree  suggestive. 

The  area  within  which  the  qnadmmana,  or  monkeys,  are  limited 
is  one  of  considerable  interest.  It  is  seen  to  include  South  America 
as  far  as  the  Plata  river,  and  the  whole  of  Africa,  with  a  small  tract 
in  Southern  Asia,  excluding  Australia,  but  including  the  larger 
islands- of  the  Indian  Archipelago,  except  New  Guinea.  Parrots  are 
seen  to  range  far  to  the  north  in  America,  but  less  far  in  the  Old 
World.  On  the  other  hand  parrots  extend  into  Australia.  The 
distribution  of  the  large  pachyderms  and  their  American  represent- 
atives, and  of  the  marsupials,  is  shown.  The  metropolis  of  the 
reptiles  is  marked.  Finally,  the  present  limits  of  the  rein  deer  and 
polar  bear  are  given  for  the  purpose  of  comparing  the  probable 
alteration  of  climate  at  the  time  when  these  animals  covered 
northern  Burope.  Among  the  marine  mammals  it  is  most  interest- 
ing to  study  the  range  of  the  Eight  Whale  and  the  Sperm  WhaJe^ 
Their  usual  habitat  is  marked. 

A  few  indications  are  also  given  with  regard  to  the  distribution 
of  some  plants.  The  limit  of  palms,  of  sugar,  and  of  rice,  are 
interesting  in  reference  to  the  animals  in  similar  latitudes. 


NOTES    AND     CORRECTIONS 

TO  THE   FIFTH  EDITION. 


The  student  is  requested  tti  refer  to  tlie  following 
remarks  in  reading  the  chapters  to  which  each  may 
refer.  The  table  of  heights  has  been  given  at  the 
request  of  some  readers  who  find  tabulated  results  useful 
to  refer  to.  The  figures  do  not  in  all  cases  agree  with 
the  text,  and  iu  such  cases  those  tabulated  may  be  ac- 
cepted as  corrections. 

Page  6. 

Effect  of  Variation  in  the  Excenteicity  of  the 
Earth's  Oebit  on  Climate. 

The  calculation  with  reference  to  periods  of  extreme 
excentricity  of  the  earth's  orbit  and  their  term  of  recur- 
rence was  made  by  Mr.  Croll  ip  1864.  Sir  0.  Lyell  has 
deduced  from  these  calculations  that  witWn  a  million  of 
years  previous  to  the  commencement  of  the  present  cen- 
tury there  have  been  two  groups  of  periods  of  high 
excentricity,  one  about  210,000  years  ago,  when  the 
excentricity  was  "0575,  another  850,000  years  ago,  when 
it  amounted  to  -0747.  It  is  now  -0168.  At  present  the 
difference  of  distance  of  the  sun  in  perihelion  and 
aphelion  is  three  millions  of  miles.  At  che  first-named 
period  it  was  10|,  and  at  the  more  distant  period  13| 
millions.  There  are  now  eight  days  more  of  winter  than 
summer,  and  the-  mean  temperature  of  the  hottest  month 
in  the  latitude  of  London  is  84°,  and  of  the  coldest 
month  20°.     210,000  years  ago  there  were  27-8  winter 
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days  in  excess,  the  mean  temperature  of  the  hottest- 
month  was  113°,  and  the  coldest  07°;  and  850,000  years 
ago  there  were  36'4  winter  days  in  excess,  the  mean 
temperature  of  the  hottest  month  in  London  was  126°, 
and  the  coldest  — 7°  The  excentricity  has  seldom  been 
less  and  never  much  less  than  it  is  at  present  during  the 
last  million  years. 

It  is  possible  that  the  climate  at  the  first  period 
(210,000  years  ago)  may  have  been  that  corresponding 
to  the  latest  glacial  epoch  of  geologists.  The  earlier  was, 
perhaps,  that  of  the  middle  tertiary  glacial  epoch.  Be-  / 
tween  them  the  excentricity  was  generally  little  more 
than  it  is  at  present. 

Page  9. 

TEMPEEATtTEE    OP    THE    InTEEIOE    OP    THE    EaETH. 

On  the  26th  December,  1870,  the  great  Alpine  tunnel 
under  Mont  Frejus,  to  connect  Italy  with  France,  was 
completed .  In  this  tunnel  the  depth  at  one  point  below 
the  top  of  the  mountain  (the  nearest  part  of  the  earth's 
surface)  was  more  than  5000  feet,  a  distance  more  than 
double  any  yet  attained.  Observations  made  from  time 
of  the  temperature  of  the  rock  have  shown  that  the 
increment  of  temperature  was  by  no  means  so  great  as, 
according  to  the  average  of  observations  elsewhere,  it 
ought  to  have  been.  The  rock  was  very  uniform,  being  a 
talcose  schist  with  many  bands  of  quartz.  The  extreme 
temperature  hardly  exceeded  80°  Fah.,  showing  an  incre- 
ment of  less  than  a  degree  in  a  hundred  feet  of  depth. 
In  the  course  of  tunneling  there  were  no  mineral  veins 
cut  and  very  little  water  was  reached.  It  has  been 
suggested  that  the  cooling  from  exposed  mountain  sides 
and  summits  may  have  been  more  rapid,  and  may  have 
affected  the  internal  temperature  more  than  would  be 
the  case  were  the  surface  level.  Such,  however,  is  not 
the  ca,se  in  other  parts  of  the  earth,  where  deep  sinkings 
have  been  made  on  mountain  sides.  It  is  hoped  that 
further  observations  may  be  made,  by  boring  from  the 
central  part  of  the  Alpine  tunnel,  to  determine  the 
temperature. 


NOTES    AND    CORRECTIONS.  XXXVU 

Pages  32,  266. 

Magnetic  Storms. 

There  have  been  several  instances  within  the  last  few 
years  showing  the  very  wide  range  of  magnetic  storms. 
Auroral  displays  are  rare  within  the  tropics,  and  occur 
with  greatest  frequency  in  an  oval  zone  surrounding  the 
North  pole,  whose  central  line  ci-osses  the  meridian  of 
Washington  in  lat.  56°  and  that  of  St.  Petersburgh  in 
lat.  71°.  This  line  is  nearly  a  magnetic  meridian,  and  the 
centre  of  the  aurora  is  in  the  magnetic  pole.  The  auroral 
flashes  are  seldom  less  than  46  mUes  above  the  earth's 
surface,  and  are  frequently  as  much  as  500»  miles.  The 
aurora  of  August,  18S9,  visible,  probably,  from  pole  to 
pole,  had  aii  elevation  within  these  limits.  Auroral 
displays,  like  solar  spots,  and  the  mean  daily  range  of  the 
magnetic  needle,  have  two  periods  of  greatest  frequency, 
one  a  period  of  about  eleven  years,  the  other  about  fifty- 
nine  years,  and  they  have  been  proved  by  observation  to 
depend  in  some  measure  on  the  condition  of  the  sun. 

Page  59. 

Value  of  the  Geographical  Mile. 

The  exact  value  of  the  geographical  or  nautical  mile  as 
derived  from  the  measurement  of  the  earth,  cannot  be 
absolutely  determined.  Assuming  the  measurement  at 
present  accepted  to  be  correct,  the  mean  length  of  the 
great  circles  drawn  through  the  poles,  called  meridians, 
is  24,865  British  statute  miles.  The  sixtieth  part  of  this 
is  6078  feet  2  inches.  The  usual  value  given  to  the  geo- 
graphical mile  is,  however,  as  stated  in  the  text,  6086  feet 
9  inches.  Owing  to  this  uncertainty  the  British  statute 
mile  is  more  convenient  for  actual  measurements. 

Pages  59,  134. 

Areas  of  the  Land  and  of  Oceans. 

The  estimates  of  the  areas  of  land  and  water  in  the 
great  masses  of  land  and  the  great  Oceans  appear  to  have 
been  hitherto  very  vague.  In  the  former  editions  of  this 
work  and  in  the  present  text  the  figures  are  retained  which 
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appeared  a  few  years  ago  to  be  those  most  deserving  of 
confidence.  The  authoi-,  however,  has  recently  made  an 
independent  calculation,  based  on  the  tracings  from  a  good 
globe,  and_  the  results  differ  so  widely  from  those  hitherto 
given  that  till  he  has  had  an  opportunity  of  repeating  them 
and  submitting  them  to  criticism,  he  prefers  introducing 
them  in  the  present  notes  as  probable  corrections. 

It  is  believed  that  the  mode  of  ascertaining-  the  areas 
has  hitherto  been  either  by  cutting  out  from  the  sheets 
prepared  for  pasting  on  a  globe,  those  parts  representing 
land  and  water,  and  weighing  carefully  the  paper,  or  by 
triangulating  the  areas.  Neither  method  is  Satisfactory. 
A  very  ingenious  instrument  called  the  Planimeter  now 
used  with  perfect  confidence  by  Civil  Engineers  in  esti- 
mating areas  of  all  kinds  from  perimeters  aifords  the 
means  of  determining  much  more  easily  and  with  much 
more  accuracy  the  results  required. 

Employing  this  instrument  the  author  has  taken  the 
areas  of  the  various  portions  of  land  and  water  represented 
on  each  of  the  gores  or  slips  that  make  up  a  complete 
globe,  and  in  each  separate  case  the  sum  of  the  areas  has 
been  found  to  agree  with  the  total  area  of  the  gore. 

The  result  is  as  follows.  The  figures  are  approxinlate, 
and  represent  square  statute  miles. 


Total  area  of  water 
„■  land  . 

Water  north  of  the  equator 
Land  ,, 


Total  area  of  Europe  and  Asia 

,,  Africa 

„  North  America  . 

,,  South  America  . 

„  Australia  . 

„  South  Polar  Land 

„  North  Polar  Land 

„  Islands  of  Australasia  and  Polynesia 


139,500,000 
57,500,000 

60,350,000 
88,150,000 

20,000,000 
11,250,000 
7,500,000 
6,500,000 
2,600,000 
5,300,000 
3,350,000 
1,000,000 


The  areas  of  the  water  are  found  to  be  as  follows,  there 
being  only  three  great  oceans  regarded,  the  Pacific,  the 
Atlantic,  and  the  Indian.  The  Arctic  Ocean  is  not  in  any 
way  separated  from  the  Atlantic  and  Pacific,  and  almost 
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all  the  area  within  the  Antarctic  circle  is  prohably  land. 
The  islands  are  deducted  from  the  areas  of  the  Oceans. 


North  Pacific 
South  Pacific 

Total  Pacific  Ocean 
North  Atlantic  . 
South  Atlantic  . 

Total  Atlantic  Ocean 
Indian  Ocean,  North. 

„  South . 

Total  Indian  Ocean 


Total  area  of  ocean 


35,200,000 
38,400,000 

20,150,000 
1S,250,000 


5,000,000 
22,500,000 


73,600,000 

38,400,000 

27,500,000 
139,500,000 


It  will  thus  appear  that  the  proportion  of  water  to  land 
is  nearer  five  to  two  than  three  to  one.  Almost  the  whole 
of  this  great  difference  of  general  proportion  arises  from 
the  fact  that  the  south  polar  land  has  not  been  hitherto 
taken  into  account  as  not  being  actually  proved  except  at 
a  few  points.  It  is  almost  certain  from  a  variety  of 
reasons  that  a  great  mass  of  high  land  is  accumulated  in 
this  part  of  the  earth. 

The  lands  within  the  Arctic  circle  are  sometimes  re- 
garded as  parts  of  Europe,  Asia  and  North  America 
respectively.  This  would  increase  the  areas  of  these  largo 
tracts  of  land,  as  given  in  the  text.  The  lands  of  Central 
America  being  removed  from  North  and  included  in  South 
America,  would  tend  to  inake  the  results  above  given 
agree  closely  enough  with  those  in  the  text.  In  the  above 
estimate  South  America  is  estimated  to  commence  from 
the  Isthmus  of  Panama. 

A  very  careful  investigation  made  by  Mr.  Trelawny 
Saunders  for  Sir  C.  Lyell  about  six  years  ago,  gave  the 
proportion  of  land  to  water  as  1  :  2-420.  This  would  give 
the  total  area  of  land  as  57,600,000  square  statute  miles  ; 
of  which  8,200,000  square  miles  consists  of  Arctic  and 
Antarctic  lands.  Omitting  the  supposed  south  polar  land, 
the  estimate  would  show  fifty-two  millions  of  miles  for 
the  whole  of  the  land  in  the  old  and  new  world,  which 
agrees  with  that  generally  accepted  by  geographers. 

According  to  Mr.  Saunders,  the  centre  of  the  maximum 
land  hemisphere  is  a  point  in  St'.  George's  Channel  be- 
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tween  Pembroke  and  Waterf ord.  The  corresponding  point 
in  the  southern  hemisphere  is  a  little  south  of  the  southern 
island  of  New  Zealand.  The  area  of  land  in  the  maximum 
land  hemisphere  he  estimates  as  46,657,920  square  miles^ 
and  in  the  maximum  water  hemisphere  10,942,080. 

Page  143. 

Tempeeattjre  of  Deep  Watee  in  the  Atlantic. 

The  observations  made  in  1869  by  Dr.  Cai-penter  on 
board  the  Porcupine  would  seem  to  show  that  in  the 
North  Atlantic  Ocean,  in  temperate  latitudes,  the  tempe- 
rature at  500  fathoms  is  nearly  uniform,  and  that  it 
diminishes  below  that  depth  very  slowly,  and  with 
steadiness,  to  a  depth  of  2,500  fathoms. 

Page  150. 
Deift  and  Steeam  Ccteeents. 

Major  Eennell  was  the  first  to  use  these  expressions. 
Drift  currents  are  those  which,  though  superficial  and 
often  very  slight  and  local,  and  formed  in  the  first  instance 
by  wind,  are  the  ultimate  origin  of  all  currents.  Stream 
currents  are  more  important,  deep,  and  permanent,  but 
are  only  deflections  or  modifications  of  drifts  ;  although,, 
owing  to  the  lines  of  coast,  the  nature  of  the  sea  bottom, 
and  peculiarities' of  form  of  the  sea  and  land,  they  possess 
a  definite  volume,  depth  and  velocity. 

Page  151. 
Eettjen  Deep  Ctteeent  feom  the  Mediteeeanean  to 
THE  Atlantic. 
Although  the  theory  of  a  return  deep  current  below  the 
surface,  of  the  inflow  of  salt  water  through  the  straits  of 
Gibraltar,  has  been  widely  accepted,  and  has  been  further- 
strengthened  by  the  recent  observations  of  Dr.  Carpenter, 
made  in  the  summer  of  1870,  it  is  well  that  the  student 
of  Physical  Geography  should  be  aware  that  the  actual 
observations  presumed  to  establish  this  theory  are  still 
few  and  not  conclusive.  There  is  always  a  return  surface 
current  near  the  African  shore,  and  the  ordinary  surface 
current  is  sometimes  reversed  for  a  considerable  time 
under  the  influence  of  continued  easterly  winds.      The 


NOTES    AND    COBEECTIONS.  xli 

cause  of  the  inflow  may  also  be  referred  with  some  reason 
rather  to  the  set  of  the  Atlantic  drift  currents,  and  to  the 
prevalence  of  westerly  winds  than  to  any  assumed  differ- 
ence of  level  between  the  Atlantic  and  Mediterranean 
caused  by  evaporation.  That  no  deep  current  exists  in 
some  parts  of  the  Mediterranean  has  been  proved  by  the 
careful  observations  of  Captain  Spratt,  who  in  1750 
fathoms  water,  about  100  miles  N.E.  of,  Malta,  found  a 
slight  easterly  cujrent  of  about  a  third  of  a  mile  an  hoiu", 
extending  to  a  depth  of  40  fathoms,  dying  away  at  50 
fathoms,  and  leaving  still  water  at  100  fathoms  and  all  lowei- 
depths.  The  "Porcupine"  obsei-vations  seem  to  show  that 
the  evaporation  from  the  Mediterranean  basin  is  in  excess 
of  the  amount  of  fresh  water  returned  into  it,  occasioning 
an  excess  of  density  which  is,  however,  kept  in  cheek  by 
some  cause.  T)r.  Carpenter  believes  that  there  is  a  general 
oceanic  circulation,  which  he  calls  a  "Vertical  circulation." 

Page  183. 

The  Gxtlf  Stream. 

According  to  Mr.  CroU,  who  carefully  examined  the 
published  sections  made  by  the  United  States  coast  survey, 
the  Grulf  stream  is  equal  to  a  river  50  miles  broad  and 
1000  feet  deep,  flowing  at  the  rate  of  four  miles  an  hour, 
with  a  mean  temperature  not  under  65°  on  leaving  the 
GuK.  This  estimate  is  much  lower  than  those  previously 
made  by  Sir  John  Herschel  and  Captain  Maury  ;  but  Mr> 
Findlay  has  expressed  an  opinion  that  it  is  far  too  high. 

Page  203. 

Blub  Colotte  of  the  Sky. 

According  to  the  observations  of  Dr.  Tyndall,  the  blue 
colour  of  the  sky  is  caused  by  the  fact  that  particles  of 
water  exist  there  in  an  extremely  fine  state  of  division. 
When  these  particles  are  more  condensed,  the  colour  be- 
comes first  grey  and  then  white,  being  ultimately  converted 
into  cloud.  The  light  of  the  sky  is  polarized,  and  the  colour 
is  probably  affected  to  some  extent  by  polarization.  It 
has  been  suggested  that  the  colour  of  water  is  due  to  the 
polarization  of  light  reflected  from  within  the  water. — See 
Oomptes  Bendus,  April,  1869. — (Memoire  de  M.  Soret.) 


Xlii  NOTES   AWD    COBKBCTIONS. 

Page  236. 

DlSTEIBTJTION   OV   AtMOSPHBBIC   PkBSSTJBB   OVBK    THE 

Globe  at  difpebbnt  Seasons. 

According  to  recent  investigations  by  Mr.  Buclian,  the 
lowest  barometric  pressures  are  distributed  in  the  month 
of  -July  over  continents,  and  the  larger  the  continental 
mass  the  greater  the  depression.  During  that  month  the 
high  pressures  are  distributed  over  the  oceans  between  the 
fiftieth  parallels  north  and  south  of  the  equator.  At  the 
same  season  the  highest  pressures  are  to  be  found  in  those 
parts  of  the  ocean  most  completely  enclosed.  In  January, 
■on  the  other  hand,  there  are  high  pressures-iu  the  northern 
hemisphere,  the'  maximum  being  in  Central  and  Northern 
Asia.  At  that  time  a  low  pressure  prevails  in  the 
.southern  hemisphere  and  in  the  North  Atlantic,  the  lowest 
being  over  Iceland.  There  are  two  regions  of  high 
pressure  passing  round  the  earth  in  broad  belbs  to  the  N. 
and  S.  of  the  equator,  and  between  them  is  a  tropical  belt 
of  low  pressure.  There  are  also  regions  of  low  pressure 
around  .the  poles,  especially  the  south  pole.  Ascending 
currents  of  air  prevail  in  regions  of  low  pressure. 

Important  atmospheric  waves  move  over  the  earth  in 
separate  and  independent  systems.  They  are  often  local- 
ised, and  are  accompanied  by  uniformity  of  rainy  or  dry 
weather.  Some  of  these  take  twenty-four  and  some 
thirty-six  hours  to  accomplish  their  rise  and  fall.  These 
waves  probably  generate  storms  when  they  intersect  each 
other,  and  although  not  themselves  consisting  of  or 
producing  wind,  they  modify  winds  and  play  an  importajit 
part  in  modifying  climate. 

Page  250  et  seq. 
The  Theory  of  Peemanent  and  Periodical  Winds. 
The  main  facts  concerning  permanent  and  periodical 
Iwinds  have  long  been  known  and  recorded  with  consider- 
able accuracy,  and  are  mentioned  in  the  text.  The  theory 
or  explanation  of  the  phenomena  there  referred  to  is  that 
originally  set  forth  by  Halley  in  1686,  and  clearly  stated 
by  Hadley  in  1786.  It  has  been  generally  accepted  by  the 
principal  meteorologists  of  all  cou];itries,  but  is  not  without 
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•difficulties,  and  cannot  certainly  be  regarded  as  quite 
satisfactory.  Some  modification  has  been  suggested  by 
Captain  Maury,  •who  conceives  that  the  air  from  the  north 
pole,  forced  in  some  way  to  travel  southwards,  continues 
in  that  direction  till  it  reaches  the, earth  in  36°  N.  lat.  It 
then,  as  part  of  the  trade  wind,  is  carried  to  the  equator. 
Being  heated  there,  it  rises,  and  continues  its  southward 
course  as  a  N.W.  current,  at  first  upper,  but  reaching  _the 
earth  in  35°  S.  lat.  It  is  then  a  surface  wind  to  the  pole, 
and  a  similar  course  is  repeated  back  to  the  equator  and 
the  north  pole.  The  broad  principles  are  the  same  as 
those  of  the  Hadley  theory,  and  of  the  complex  details 
there  is  little  evidence  from  observed  accounts  of  winds. 

During  the  past  year  (1870)  a  work  has  been  published 
by  Mr.  Laughton  suggesting  a  new  theory.  In  this  work 
the  objections  to  existing  theories  are  well  and  powerfully 
expressed,  partly  from  facts  observed  by  himself  and  other 
travellers,  and  partly  from  the  nature  of  the  case  and  the 
recognised  laws  of  physics.  Certain  facts  regarding  the 
extremely  high  temperature  in  North  Central  Africa  and 
the  absence  of  any  inflowing  current  modifying  the  trade 
,  wind  are  with  difficulty  explained  by  Hadley 's  theory. 
The  due  east  and  west  winds,  in  some  places  very  preva- 
lent, are  not  thus  explained,  and  there  are  important 
cases  in  both  hemispheres,  where  the  winds  are  exactly 
opposite  to  those  which,  according  to  Hadley's  theory, 
ought  to  blow. 

Mr.  Laughton  believes  and  puts  forth  as  an  hypothesis 
that  the  primary  motion  of  the  atmosphere  is  not  from  the 
equator  towards  the  poles,  both  north  and  south,  but  at 
right  angles  to  this,  being  a  motion  from  west  to  east,  or  a 
west  wind  formed  by  the  attraction  of  the  sun  and  moon, 
and  of  the  nature  of  an  atmospheric  tidal  wave.  He 
endeavours  to  show  that  all  the  observed  phenomena  of 
winds  may  be  explained  more  easily  and  naturally  on  this 
than  on  another  theory.  If  this  view  be  fcorrect,  the  trade 
winds  are  derived  and  secondary  results  of  the  combination 
of  this  movement  with  certain  local  movements  of  the 
atmosphere  produced  by  local  conditions  liable  to  change 
from  time  to  time,  especially  by  an  alteration  in  the  relative 
position  of  laud  and  water  on  the  globe,  in  the  proportion 
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of  land  to  the  whole  surface  of  the  earth,  and  in  the 
position  and  elevation  of  the  mountains,  high  plains,  and 
valleys.  The  monsoons  and  other  periodical  winds  are  also 
explained  by  a  reference  to  the  same  original  cause  of 
permanent  wind  modified  by  the  form  and  elevation  of 
the  land. 

Page  268. 

Rate  of  Motion  of  Storms. 

According  to  Mr.  Buchan  the  average  rate  of  motion  of 

European  storms  is  about  eighteen  miles  an  hour.  On  rare 

occasions  the  rate  is  forty-five  miles,  and  sometimes  it  is 

as  little  as  fifteen  miles  an  hour. 

Page  300. 
Infltjenoe  of  the  GrULF  Stkeam  on  Climate. 
Mr.  Oroll,  whose  researches  on  physical  questions  con- 
cerning geology  and  physical  geography  are  equally  accu- 
rate and  elaborate,  has  shown  that  the  quantity  of  heat 
conveyed  by  the  Gulf  stream  to  the. temperate  and  Arctic 
regions  is  probably  larger  than  that  conveyed  by  all  the 
aerial  currents  which  flow  from  the, equator.  In  opposition 
to  Mr.  Findlay,  who  doubts  the  importance  of  this  agent 
of  supplying  heat,  Mr.  Croll  points  out  that  the  increase  of 
width  and  consequent  diminution  of  depth  of  the  stream, 
and  the  diminution  of  speed,  all  help  to  increase  the  effect 
of  the  stream  on  the  atmosphere,  so  that  the  result  ob- 
tained, though  indirect  and  derived  from  the  heating  of  the 
winds  that  blow  on  our  shores,  is  real  and  very  influential. 
It  is  also  well  shown  by  Mr.  Croll  that  all  ocean  currents 
have  great  influence  on  climate.— P^iZ.  Mag.,  Feb.,  1870. 

Page  391. 
Existence  of  Life  at  the  Bottom  of  Deep  Seas. 
A  dredging  carried  on  by  Captain  Calver  from  the 
Porcupine  in  the  month  of  July,  1869,  in  lat.  47°  38'  N., 
long.  12°  08'  W.,  at  a  depth  of  2,435  fathoms,  bringing  up 
168  lbs.  of  the  Atlantic  mud  from  the  bottom,  may  be 
said  to  have  completely  settled  the  question  as  to"  the 
existence  in  great  abundance  of  animal  life  at  the  bottom 
of  the  sea,  independent  of  depth.  On  this  occasion  there 
were  a  number  of  individuals  of  each  of  the  invertebrate 
sub-kingdoms  obtained  in  a  living  state.     Many  of  these 
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were  of  large  size,  some  being  Arctic,  some  Atlantic,  some 
British  coast,  and  some  Mediterranean  species.  On  an- 
other occasion  more  than  200  lbs.  of  the  ooze  or  mud  was 
brought  up  from  about  the  same  depths.  Of  the  animals, 
the  eyes  were  well  developed,  proving  the  existence  of 
light  at  the  greatest  depths.  Water  from  the  bottom  was 
obtained,  and  was  found  to  contain  silica,  oxide  of  iron, 
alumina,  carbonate  of  lime,  and  magnesia.  The  surface 
temperature  was  64°  Fah.  At  2090  fathoms  the  tempera- 
ture was  36"3.  The  last  800  fathoms  showed.a  diminution 
of  1'4  degrees.  Between  600  and  1000  fathoms  the  dimi- 
nution of  temperature  was  large  and  steady.  Below  that 
it  was  uniform,  at  the  rate  of  a  degree  for  each  500  fathoms. 
The  temperature  at  1000  fathoms  seems  to  have  been,  ac- 
cording to  every  observation,  between  38°  and  39°  Pah. 

Page  440. 
Races  of  Men. 
According  to  some  authors  there  are  six  great  groups  of 
human  families,  thus  described  : — 1.  Caitcasian.  Inhabit- 
ing all  Europe  except  Lapland,  Finland,  and  Hungary  ; 
North  Africa  to  the  20th  parallel ;  Arabia,  Asia  Minor, 
Persia,  India ;  and,  by  migration.  North  America.  Of 
these  the  Greets,  G-eorgians,  and  Circassians  are  regarded 
as  types  of  form.  2.  Mongol  Tartaes.  These  occupy  all 
Asia  north  of  the  Persian  table  land  and  the  Himalaya. 
The  group  includes  in  Europe  the  Hungarians,  in  Asia 
the  Chinese  and  Indo-Chinese,  the  Turkomans,  the  Mongol 
and  Tartar  tribes,  and  the  Esquimaux.  The  inhabitants 
of  Eialand  and  Lapland  are  nearly  allied  to  the  Esquimaux. 
3.  Malay.  These  occupy  the  Malayan  peninsula  and  many 
of  the  innumerable  islands  of  Australasia  and  Polynesia, 
besides  the  Japanese  islands  and  Madagascar.  4.  Papuans. 
These  inhabit  New  Guinea  and  many  other  islands  of  the 
Indian  Archipelago  and  Australia.  5.  Ethiopian.  These 
are  the  Negro  races  inhabiting  Central  and  Southern 
Africa.  6.  American.  The  original  inhabitants,  now, 
greatly  diminished,  of  ,the  two  Americas.  This  classifica- 
tion is  not  given  as  superseding  the  division  submitted  in 
the  text,  but  for  the  convenience .  of  readers  who  may 
-desire  to  know  the  views  of  other  authors. 


Table  of  Heights. 
Mountains. 

Ewope.  FEET 

Mont-Blanc   Pennine  Alps 15,784. 

Monte  Eosa  „           15,217 

Finsteraarhom Bernese  Alps 14,026 

Gross  Glookner Tyrolese  Alps    12,957 

Monte  Viso   Cottian  Alps 12,584 

Mont  Pelvoux  Maritime  Alps  13,422 

Ortler  Spitz  Elisetian  Alps    12,789 

MuleyHasan Sierra  Nevada  (Spain)...  ■  11,664 

Pic  de  Nethon  Pyrenees 11,168 

Mount  Etna  Sicily  10,874 

MoTite  Cormo    Apennines  10,206 

Buska  Poyano  Carpathians   9,912 

Monte  Eotondo Corsica    8,767 

Tmes  fjeld    Scandinavian  chain 8,400 

■     Mont  Gnioma  Greece    8,239 

Bstrella  range  Portugal 7,526 

Genn-argentu   Sardinia 6,293 

Mont  Ventoux Prance    6,263 

Kiesengebirge  Germany    5,394 

Hekla Iceland   5,210 

Ben  Nevis Scotland 4,406 

Snowdon Wales 8,590 

Curran  Tuol ,  Ireland    3,412 

Helvellyn  '  England 3,313 

Asia, 

Mount  Everest Himalaya   29,002 

Demavend Persia .' 21,000 

Elburz    •. Caucasus     18,526 

Kohibaba  , Hindu  Koosh 17,905 

Mount  Fusiama Japan 14.,177 

Argeus  Asia  Minor 13,197 

Belouka Altai   11,062 

Mount  Lebanon    Palestine    10,050 

Mount  Hermon ,,          9,376 

Dodabetta Neilgherries  (India) 8,640 

MountHoreb Arabia    8,593 

Adams  Peak Ceylon    7  420 

Mount  Sinai Arabia    7,413 

Kamen  PeaJt Ural    5  897 

Volcano  of  Matua    Kurile  Islands  4,50(> 

Mahabaleshwar    W.  Ghftts  (India) 4^396 
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Avstralasia,  Polynesia,  8fc.  "feet 

Mount  Kea    Sandwich  Islands  13,953 

Mount  Ophir Sumatra 13,840 

Mount  Cook  New  Zealand 13,200 

Tobreonon Tahiti 12,250 

Mount  Slamal  Java    11,930 

Mount  Wellington  Australia    6,500 

Cradle  Mountain  ; Tasmania    5,069 

Africa. 

Kiliman  djaro  (volcano)  Bast  Coast 20,065 

Abba  jarrat  Abyssinia    15,088 

Atlas  chain    Marooco 11,400 

Table  Mountain    Cape  Colony  3,816 

Teneriffe  Peak  (volcanic)   . . .    Canary  Islands 12,205 

Mount  Ambotismene  Madagascar    11,506 

Peak  of  Fogo    0.  Yerde  Islands  9,154 

Isle  of  Bourbon    Indian  Ocean     8,340 

Pico Azores     7,613 

America. 

Anoohuma Bolivian  Andes 24,286 

Aconcagua     Chilian  Andes    23,910 

Chiraborazo  Andes  of  the  Equator  .. .  21,424 

Mount  St.  Bliaa    Eocky  Mountains  17,850 

Popocatepetl Mexican  Andes 17,717 

Mount  Whitney SierraNevada(California)  15,000 

Mount  Terror  Antarctic  Land 13,884 

Uiiemak  Peak  Aleutian  Islands  8,593 

Blue  Mountains  Jamaica  (W.  Indies) 7,277 

Mount  Sanniento Tierra  del  Pnego   6,900 

Mount  Washington Alleghanies    6,428 

Mount  Stokes   Patagonia  6,400 

Itambe  Brazil 5,960 

Migh  Passed. 

Sikkim  to  Tibet    Himalaya    20,459 

Bumihuasi Andes  of  Peru    16,215 

Over  the  Sierra  Nevada California  12,400 

Col  of  the  WeiSsthor  Pennine  Alps 11,851 

Portd'Oo  Pyrenees     9,846 

Stelvio EhEBtianAlps 9,177 

Great  St.  Bernard  Pennine  Alps 8,173 

Spliigeu Lepohtiue  Alps 6,945 

"St.  Gothard  „             6,808 

Mont  Cenis   Graian  Alps  6,772 

Simplon  Lepontine  Alps 6,578 

Lewis  and  Clarke's  Pass Eocky  Mountains 6,323 

Brenner EhsetianAlps    4,606 

Pietra  mala  Apennines 3,294 
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Lakes  and  Inland  Seas. 

KKKT 

Sirikol Source  of  the  Oxns...    Asia   15,630 

Titicaca Peru S.America....  12,847 

Utah  Lake  United  States N.  America  ....  4,790 

Victoria  Nyanza    Central  Africa  3,740 

Lake  of  Celano  Italy Europe  2,230 

Lake  Pukaki   New  Zealand..  1,746 

Lake  Baikal    Central  Asia...  1,535 

Lake  of  Lucerne    ...     Switzerland Europe  1,107 

Lake  of  Geneva „            „       1,280 

Lake  Tchad Central  Africa.  810 

Lake  of  Como    North  Italy Europe  692 

Lake  Superior N.  America  ....  627 

Lake  Tan    Asiatic  Turkey  Asia   566 

Lake  Brie    N.America....  564 

I)ej>re8sed  Lakes  and  Seas. 

•Caapiain  Sea    Asia    82* 

Lake  of  Asaa,l Central  Africa.  570* 

Dead  Sea Syria  1,292* 

Inhabited  Places. 

Gold  mine  of  Thok  Jalung  in  Tibet    Asia    16,330 

Post  Station  in  the  Peruvian  Andes  S.America   ...  15,542 

City  of  Potosi,  Bolivian  Andes S.America    ...  13,330 

Arquaze,  a  village  in  Ethiopia Africa   12,235 

€ity  of  Cuzco,  in  Pern S.  America   ...  11,384 

Cityof  Quito  „         .^.  9,543 

Hospice  of  Great  St.  Bernard,  Switzerland.    Europe  8,110 

City  of  Mexico    Central  America    7,570 

Town  of  Utakamund  in  the  Neilgherries. ...    Asia   7,490 

Village  of  St.  Veran,  Italy   Europe  6,693 

•City  of  Teheran,  Persia    Asia   4,137 

City  of  Jerusalem,  Palestine    ,,     2,610 

City  of  Madrid,  Spain   Europe  1,994 

City  of  Munich,  Bavaria  „       1764 

City  of  Turin,  Italy „       '755 

City  of  Vienna,  Austria    „       43g 

City  of  Paris,  France    „       213 

City  of  Eome,  Italy ,,       j^gj^ 

City  of  Berlin,  Prussia..,., „       I3I 

•These  figures  represent  the  depth  below  the  surface  of  the 

■ocean.         
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CHAPTER  I. 
THE  EAETH  AS  A  PLANET: 


By  Physical  Geography  is  meant  a  description  of  the  natural 
features  of  the  earth,  an  account  of  the  waters  on  its  surface  and 
the  air  that  surrounds  it,  a  sketch  of  the  natural  grouping  and 
distribution  of  the  various  families  of  plants  and  animals  (includ- 
ing man),  and  a  statement  of  the  causes  that  bring  about  the 
ordinary  phenomena  of  nature.  It  differs  from  descriptive 
geography  in  taking  no  account  of  political  divisions  of  land  atid 
water  or  of  simply  human  history.  It  regards  the  human  family 
as  one  of  many  groups  of  highly  organised  living  beings,  only 
more  important  tiian  the  rest  because  more  influential  in  modi- 
fjdng  the  face  of  nature.  To  the  physical  geographer,  Europe 
is  not  a  continent.  It  is  only  a  part  of  a  large  division  of  the 
land.  Mountains,  lofty  and  low  plains,  and  river-valleys,  are 
the  all-important  divisions  of  the  land,  and  are  so  recsgnised, 
whether  they  be  inhabited  by  the  same  race  or  diverse  races, 
and  whether  their  productions  are  similar  or  dissimilar. 

Physical  geography  includes  so  much  of  astronomy  as  is  re- 
quired to  understand  the  relative  position  of  the  earth  in  the 
solar  system  ;  so  much  of  chemistry  and  mineralogy  as  involves 
an  acquaintance  with  the  elementary  forms  of  matter  and  those 
eombinations  which  are  most  frequent  and  abundant ;  so  much 
ef  general  physics  as  explains  the  relation  and  mode  of  action 
of  the  forces  and  forms  of  force  that  affect  matter ;  so  much  of 
geology  as  may  enable  the  student  to  understand  the  history 
of  the  existing  features  of  sea  and  land,  and  trace  them  from 
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the  earlier  conditioDS  of  the  globe ;  bo  much  of  botany  and 
zoology  as  involves  a  knowledge  of  the  natural  grouping  of  the 
principal  varieties  of  plant  and  animal  life ;  and  so  much  of 
ethnology  as  illustrates  the  zoological  position  of  man  and  the 
nature  of  human  influence  in  modifying  the  globe. 

Around  the  sun  as  a  centre  there  revolve  a  vast  but  un- 
known multitude  of  material  bodies,  all  governed  by  the  same 
general  laws,  and  apparently  possessing  many  mutual  relations. 
These  together  form  the  solar  system,  or  that  portion  of  the 
universe  with  which  the  inhabitants  of  the  earth  have  traceable 
relations.  A  few  of  these  bodies  are  the  six  planets  known 
from  the  earliest  times,  Among  their  namber  is  included  the 
earth  on  which  we  live.  Two  other  planets,  much  more  dis- 
tant from  the  sun  than  those  recognised  in  ancient  times,  but 
comparable  with  them  in  all  essential  points,  were  discovered, 
one  in  the  last  and  the  other  in  the  present  century.  About 
a  hundred  celestial  bodies,  much  smaller  in  dimensions,  and 
very  exceptional  in  their  movements,  have  been  discovered 
from  time  to  time  within  the  present  century,  most  of  them 
since  the  year  1845.  A  still  less  orderly  and  countless  mul- 
titude of  material  fragments  revolve  round  the  sun,  nearly  at 
the  same  distance  as  the  earth,  but  in  different  orbits  and  at 
different  rates.  Some  of  these  occasionally  cross  the  path  of 
the  earth,  and  those  solid  bodies  that  then  enter  our  atmo- 
sphere become  hot  and  luminous  by  the  friction,  and  are  recog- 
nised as  shooting  stars.  Who  can  tell  with  what  other  similar 
groups  space  is  peopled,  some  falling  in  the  way  of  other  planets, 
some  roaming  uninterruptedly  in  the  enormous  spaces  between 
the  sun  and  the  more  distant  planets,  and  some  perhaps  fall- 
ing into  the  sun  to  feed  its  devouring  and  never  ceasing  flame? 
These  spaces  are  occasionally  crossed  'by  comets,  of  which  some 
reach  far  beyond  the  furthest  known  extension  of  our  system, 
and  others  are  confined  within  narrow  limits.  It  is  not  un- 
likely that  matter  in  some  form — an  ether,  or  exceedingly  thin 
vapour— extends  everywhere,  and  forms  the  connecting  link, 
conveying  and  communicating  light  and  heat,  and  conducting 
to  suns  and  stars  from  distant  space  the  fuel  that  keeps  the 
material  universe  in  equilibrium.  With  few  exceptions  the 
various  bodies  composing  our  planetary  system  all  move  within 
a  very  thin  slice  of  a  sphere,  whose  centre  is  the  sun,  and 
radius  the  longer  axis  of  the  orbit  of  the  outermost  comet 
Within  such  a  sphere,  of  which  the  sun  is  the  centre,  and 
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vhicli  includes  the  extreme  wandering  of  the  most  outlying  of 
its  dependencies — a  sphere  of  limited  content,  and  of  which 
figures  may  express  the  dimensions,  hut  of  which  no  stretch 
of  the  imagination  can  conceive  the  real  magnitude — all  the 
material  particles  and  bodies  of  our  system  must  be  in  inces- 
■sant  motion.  Each  atom  that  helps  to  make  up  the  whole 
has  a  special  motion  with  reference  to  the  particular  form  of 
matter  of  which  it  is  a  part,  and  each  mass,  whether  a  mere 
■thin  vapour  or  a  dense  solid,  has  another,  and  quite  independent 
motion,  co-existent  with  it.  Every  group  of  such  masses  has 
«gain  other  motions,  and  all  are  governed  by  laws  so  wise,  so 
far-seeing,  so  perfect,  that  the  combined  motions  produce  only 
definite,  regulated,  and  fore-ordained  changes,  and  conduce  to 
the  well-being  of  the  whole  system.  The  most  intelligent  and 
the  widest  idea  of  creative  power  is  that  which  most  clearly 
comprehends  the  perfect  mutual  adaptation  of  every  memher 
of  the  whole  system. 

Heat,  light,  electricity  and  magnetism,  are  names  given  for 
Tarious  expressions,  conditions,  or  recognisable  attributes  of 
matter  They  are  the  expressions  we  use  to  enable  us  to 
speak  conveniently  of  certain  grand  and  definite  results  of 
various  forms  of  force  exhibited  in  motions  going  on  through 
€pace.  Wherever  motion  takes  place  there  are  resnlts  whose 
special  nature  and  modes  of  presentment  are  determined  by 
circumstances,  but  whenever  and  wherever  motion  occurs  it  is 
merely  an  expression  of  heat,  light,  or  electricity,  and  is  con- 
vertible into  one  or  other  of  them.  This  is  one  of  the  axioms 
of  modem  physical  science.  That  motion  is  not  limited  to  the 
masses  of  bodies,  but  is  actively  taking  place  always,  and  under 
■all  circumstances,  within  all  masses,  whether  solid,  liquid  or 
gaseous,  and  often  without  approaching  the  surface,  is  the  first 
and  greatest  lesson  that  the  student  of  physical  geography  and 
geology  must  learn. 

Most  of  the  heavenly  bodies — the  earth  and  moon  amongst 
the  number — are  nearly  spherical  in  form,  but  owing  to  the 
■action  of  certain  laws  that  govern  matter  the  spheres  are 
■flattened  so  that  a  bulge  is  presented  at  the  equator  and  a 
compression  at  the  poles.  The  earth,  like  the  other  planets, 
revolves  round  an  imaginary  axis,  and  revolves  also  round  the 
sun.  The  poles  are  the  points  on  the  surface  through  which 
such  an  axis  would  pass  if  it  really  existed.  The  equator  is 
the  circumference  of  the  earth  equidistant  from  these  poles. 
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The  earth  is  the  third  in  distance  from  the  sun  and  the^ 
fifth  in  magnitude  of  the  larger  planetaiy  bodies  of  our  system. 
Like  others  of  the  larger  planets,  it  has  a  satellite  or  follower^ 
a  smaller  spherical  body  revolving  round  it  with  great  regu- 
larity, and  revolving  with  it  round  the  sun.  This  satellite  we 
call  the  "moon."  It  influences  the  earth,  and  is  influenced 
by  the  earth.  Each  affects  the  other  in  proportion  to  the- 
quantity  of  matter  each  contains. 

The  magnitude  of  the  earth,  as  estimated  from  careful 
measurements,  may  be  thus  stated.  The  mean  diameter  may 
be  taken  as  about  7,912  British  statute  miles,  or,  in  other 
words,  the  distance  of  the  centre  from  any  point  of  the 
surface  would  be  3,956  miles,  if  the  earth  were  a  regular  and, 
perfect  sphere.  As,  however,  the  equator  bulges,  and  the 
poles  are  flattened,  the  distance  of  the  poles  from  the  centre- 
is  only  about  3,950  miles,  while  the  distance  of  a  point  on 
the  equator  from  the  centre  is  as  much  as  3,963  miles.  The 
difference  of  diameters  (called  the  compression)  has  been  cal- 
culated with  very  great  care.  It  is  26J  miles,  a  distance- 
nearly  double  that  which  exists  between  the  extreme  depths 
of  the  ocean  and  the  loftiest  mountain  peak.  The  earth's- 
surface  contains  nearly  1-97,000,000  square  statute  miles. 
Its  solid  content  is  256,000  millions  of  cubic  miles.  The 
form  of  the  earth  is  not,  however,  perfectly  regular,  a  hne 
drawn  from  the  centre  to  the  surface  in  the  Pacific  Ocean- 
being  nearly  a  mile  longer,  and  a  line  drawn  at  right  angles 
to  this  a  mile  shorter  than  the  average. 

The  various  calculations  made  agree  within  a  small  fraction, 
of  the  whole,  and  the  figures  given  above  are  the  latest  results 
attainable. 

The  distance  of  the  moon  from  the  earth  is  about  239,000 
miles,  or  thirty  times  the  diameter  of  the  earth.  The  mas» 
of  the  moon,  which  is  only  about  one-eightieth  part  of  the 
mass  of  the  earth,  is  still  sufficient  at  that  distance  to  pro- 
duce disturbances  of  considerable  magnitude  on  the  surface  of 
our  planet. 

This  is  chiefly  recognised  in  reference  to  the  great  body  of 
water  that  covers  so  large  a  part  of  the  surface.  It  producaa. 
there  the  oceanic  tides,  and  in  the  atmosphere  there  are  similar 
movements  effected,  both  at  fixed  intervals,  and  irregularly. 

The  nature  of  the  oceanic  tides  and  the  remarkable  modifi- 
dttflons  they  undergo  in  consequence  of  the  great  tidal  wAve. 
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icoming  in  contact  with  a  very  irregular  sea  bottom,  and  masses 
•of  land  rising  out  of  the  water,  will  be  considered  in  another 
■chapter.  Tt  is  a  subject  of  great  importance  in  physical  geo- 
graphy. Of  the  atmospheric  tides,  though  the  interference 
with  them  by  projecting  land  is  of  small  importance,  there  are 
causes  of  irregularity  and  modification,  rendering  it  extremely 
difficult  to  trace  their  action  on  a  large  scale ;  but  this,  also, 
must  be  considered  in  another  chapter,  and  belongs  to  the 
science  of  meteorology.  Both  sun  and  moon  contribute  to  the 
(phenomena  of  tides,  and  their  relative  importance  it  is  not 
Tery  easy  to  appreciate. 

The  mean  distance  of  the  earth  from  the  sun  is  91,350,000 
miles  ;  but  the  distance  is  not  at  all  times  the  same,  owing  to 
the  fact  that  the  orbit  is  elliptical,  and  not  circular.  More- 
over, the  excentricity  of  the  orbit,  or  difference  between  the 
ideal  circle  and  real  ellipse,  varies  from  year  to  year  through 
a  very  long  cycle,  and  thus  are  introduced  causes  of  change 
which  may  be  of  great  importance.  Thus,  when  the  excen 
tricity  is  greatest,  the  greatest  distance  from  the  sun  to  the 
■earth  amounts  to  about  97,000,000  miles,  and  its  nearest 
distance  will  then  be  only  85,700,000  miles,  showing  the 
very  considerable  difference  of  11,300,000  miles,  or  nearly 
one-eighth  part  of  the  mean  semi-diameter.  This  is  a  very 
important  fact,  for  as  the  amount  of  heat  received  from  thia 
-sun  varies  inversely  as  the  square  of  the  distance,  it  follows 
that  the  quantity  of  heat  received  in  the  former  position,  com- 
pared with  that  in  the  latter,  will  be  as  19  to  36. 

So  slow,  however,  is  the  change  jn  excentricity,  tnat 
although  it  is  now  diminishing,  and  has  been  so  for  a  long 
time,  it  will  continue  to  do  so  for  nearly  twenty-four  thousand 
years  without  being  reduced  to  a  minimum. 

The  actual  distance  of  the  sun  from  the  earth  changes  every 
■day,  and  owing  to  certain  changes  that  take  place  in  its  move- 
ments, also  occupying  a  long  cycle,  (extending,  however,  over 
^5,686  years  only),  it  happens  that,  occasionally,  (as  at  pife- 
sent)  the  earth  is  nearer  to  the  sun  in  the  northern  hemisphere 
•during  winter  than  during  summer.  At  other  parts  of  that 
•cycle  the  case  is  different.  If,  when  the  excentricity  is 
-greatest,  the  earth  should  happen  to  be  in  such  a  part  of  this 
latter  cycle  that  the  case  is  reversed  (the  earth  being  nearest 
in  summer)  the  land  of  the  northern  hemisphere  would  be 
■warmed  only  to  the  very  minimum  extent  in  winter,   and 
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heated  to  a  mazimum  in  summer.  The  difference  would  then 
equal  one-fifth,  of  the  whole.  There  would  then  be  fiir  more 
extreme  climates  on  the  earth  than  there  are  now.  Causes  of 
change  of  climate  are  thus  introduced,  which  may  account  for 
those  singular  differences  that  an  examination  of  the  earth's 
crust  has  shown  to  have  taken  place  in  former  times.  The 
total  quantity  of  heat  received  from  the  sun  in  a  year  would^ 
however,  change  exceedingly  little. 

The  present  excentricity  of  the  earth's  orbit  is  such  that  in 
winter,  when  nearest  the  sun,  the  distance  is  about  90  millions 
of  miles,  and  in  summer,  when  farthest  from  it  about  93  mil- 
lions. Nearly  ten  thousand  years  ago  the  earth  w£is  nearest 
the  sun  in  summer  and  farthest  in  winter,  and  the  excentricity 
was  greater  than  it  is  now.  This  difference  was  certainly  suffi- 
cient to  produce  a  far  more  excessive  climate,  that  is,  a  climate 
much  hotter  in  summer  and  cooler  in  winter.  As  much  as 
210,000  years  ago  the  difference  was  nearly  a  maximum  in 
every  way.  Then,  perhaps,  was  one  of  the  glacial  periods  of 
geologists,  for  then  the  winter  was  nearly  a  month  longer  than 
summer,  as  well  as  much  colder  than  it  is  now. 

The  earth  revolves  round  the  sun  (nearly  565  millions  of 
miles)  in  a  year,  consisticg  of  365  days  or  revolutions  of  the 
earth,  and  nearly  one  fourth  part  of  a  day  more.  The  exact 
length  of  the  'civil'  year  is  365  days,  5  hours,  48  m.,  47^. 
The  day  is  the  period  of  rotation  of  the  earth  round  its  imagi- 
nary axis.  This  ideal  axis  is  not  always  the  same,  and  it  is 
inclined  at  a  certain  angle  to  the  plane  passing  through  the 
centres  of  the  sun  and  earth,  and  in  which,  therefore,  the  earth 
revolves  round  the  sun.  Thus  it  arises  that  the  length  of  day 
and  night  is  only  equal  at  the  equator  all  the  year  round,  but 
that  at  each  place  there  are  two  occasions  in  the  year  when 
the  length  of  day  and  night  is  the  same.  These  times  are 
called  equinoxes  (equal  nights).  As  the  light,  so  also  heat,  is 
very  irregularly  distributed  over  the  earth. 

The  Bun  is  enormously  large  in  comparison,  not  only  with 
the  eai-th,  but  with  all  the  bodies  of  our  system.  Its  diameter 
is  848,077  miles.  It  has,  therefore,  a  diameter  more  than  a 
hundred  times  greater  than  that  of  the  earth.  In  bulk  it  i» 
equivalent  to  nearly  a  million  and  a  quarter  such  globes  as 
ours.  But  a  large  part  is  probably  in  a  state  of  gas,  and  the 
matter  of  the  sun  is  certainly  very  much  less  dense  than  that 
of  the  earth.     Thus,  in  actual  quantity  of  matter,  it  is  only 
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about  3S0,000  times  greater  than  the  earth.  It  is,  however, 
1,800  times  greater  in.  actual  quantity  of  matter  than  all  the 
filanetaiy  hodies,  satellites  and  comete  forming  the  system  of 
Ijodies  of  which  it  is  the  centre,  and  this  vastness  of  its  m»Rs 
renders  it  a  fit  and  steady  centre,  round  which  all  its  subsidiary 
masses  of  matter  of  all  dimensions  continue  to  circulate.  The 
earth  is  affected  by  the  moon,  the  sun  and  the  other  bodies 
of  the  solar  system,  being  attracted  by  them  and  attracting 
tfaem.  Thus  is  produced  a  certain  amount  of  irregularity  in 
its  motions  in  spaces'  but  as  these  are  periodical  and  do  not 
tend  to  increase  beyond  certain  limits,  there  is  no  element  of 
destruction.  The  equilibrium  of  the  solar  system,  so  far  as 
regards  these  causes  of  disturbance,  is  believed  to  be  complete, 
and  is  certainly  complete  compared  with  any  period  of  time  we 
can  imagine. 

The  phenomena  known  as  star-showers,  or  an  appearance  of 
points  of  light  shooting  through  the  earth's  atmosphere,  com- 
mon enough  at  all  times,  but  observed  to  abound  especially  on 
certain  nights  in  each  year,  and  at  certain  intervals  of  years, 
have  led  to  speculations  concerning  the  condition  of  space 
which  are  not  unimportant  in  reference  to  physical  geography, 
inasmuch  as  they  involve,  if  true,  certain  results  intimately 
affecting  our  earth.  The  nights  of  November  12 — 14th,  and 
of  August  9th — 1 1th  are  very  especially  remarkable  ;  but  there 
have  also  been  great  star  showers  recorded  in  October  (16th — 
23rd),  December  (6th — 13th),  April  (9th — lOtb),  and  July 
(25th — 30th).  On  these  occasions  the  meteors  almost  all 
seem  to  proceed  in  the  same  direction,  and  to  come  from  a 
certain  fixed  point  in  the  heavens.  Each  date  has  its  own 
radiant  point,  and  of  some  of  them  at  least  we  know  the  inter- 
val of  years  when  they  attain  a  maximum.  On  these  and  on 
other  occasions  aerolites  or  mineral  masses  have  sometimes 
fallen  to  the  earth.  They  consist  almost  always  of  iron  to  a 
large  extent,  but  earthy  minerals  and  even  organic  compounds 
have  been  described.  They  sometimes  present  a  fused  appear- 
ance on  one  side. 

The  latest  investigations  with  regard  to  these  remarkable 
phenomena  would  seem  to  show,  that  besides  the  planets  and 
asteroids,  there  belong  to  oiu:  system  cert8'''»  zones,  belts,  or 
groups  of  non-lummous  matter,  varying  in  size  from  a  few 
cubic  yards  to  a  diameter  of  1000  feet,  or  perhaps  more. 
These  groups  circulate  round  the  sun  in  orbits,  some  of  which 
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cross  the  orbit  of  the  earth  at  certain  seasons ;  and  when  tfak. 
is  the  case  and  they  come  within  the  earth's  atmosphere,  they 
are  ignited  and  rendered  visible  by  the  friction.  They  are, 
then,  for  the  most  part,  dispersed,  but  some  fall  to  the  earth. 
There  would  seem  to  be  no  reason  why  such  groups  may  not 
be  present  everywhere  in  space,  and  probably  comete  are  other 
manifestations  of  them.  The  great  November  star-stream 
travels  in  an  orbit  which  corresponds  with  that  of  a  telescopic 
comet,  whose  period  is  33J  years,  and  the  August  stream  in 
the  orbit  of  another,  whose  period  is  148  years.  That  the 
close  proximity  of  large  quantities  of  matter  not  reflecting 
Bufficient  light  to  be  visible,  but  acting  upon  the  earth  in  pro- 
portion to  their  mass,  may  affect  the  electric  and  magnetic 
equilibrium  on  the  earth's  surface,  and  influence  to  some  extent 
as  a  habitation,  there  can  be  no  doubt. 

It  is  believed,  from  observations  made  on  the  stars,  that  the 
whole  of  our  solar  system  forms  one  group  of  matter,  having  its 
own  proper  motion  in  space  and  moving  according  to  some  un- 
known law  in  some  one  definite  direction.  In  this  way  it  is 
thought  that  the  solar  system  is  connected  with  some  special 
group  or  groups  of  stars,  and  forms,  perhaps,  itseK  but  one  star 
in  the  mighty  host  of  heaven. 

As,  on  the  one  hand,  physical  geography  requires  us  to  con- 
nect the  earth  with  the  other  bodies  of  tlie  existing  universe, 
60,  on  the  other,  it  is  necessary  to  consider  it  in  its  past 
history.  For  the  former  purpose  we  are  bound  to  commence 
our  treatment  of  the  subject  with  astronomy,  and  for  the  latter 
we  must  now  allude  to  geology. 

Of  the  interior  of  the  earth,  at  great  distance  below  the  im- 
mediate surface,  we  know  very  littie,  and  that  little  partly  by 
inference  partly  by  studying  the  sections  of  the  surface  that 
are  accessible.  Mines  and  wells  reach  but  a  very  short  distance 
and  could  teach  us  little  were  it  not  for  the  mode  of  arrangement 
of  strata.  The  study  of  the  rocks  and  of  their  stratification 
and  disturbances,  with  a  view  to  determine  the  earth's  history, 
is  the  science  of  geology.  The  rocks  exhibit  successive  changes 
that  carry  us  back  through  a  very  long  period  of  time,  but  they 
fail  to  afford  any  satisfactory  evidences  of  the  state  of  things 
Bt  the  beginning.  AU  they  do  in  this  respect  is  to  show  that 
the  conditions  of  existence  have  not  changed  in  any  essential 
point. 

The  earth's  crust  is  made  up  of  a  long  succession  of  deposits. 
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loriginally  of  mud  and  stone,  and  each  containing  relics  of  an 
sancient  world.  Most  of  these  are  greatly  changed  from  thp 
-state  in  -which  they  were  accumulated.  Throughout  the  whole 
series  everything  seems  to  point  to  an  exceedingly  long  period 
•occupied  in  the  formation  of  each  deposit,  and  very  long  inter- 
vals during  which  deposits  have  heen  withheld. 

But  besides  these  accumulations  of  stratified  and  mechani- 
cally formed  rocks  are  others,  such  as  granite,  which  were  once 
thought  to  represent  the  material  of  the  interior  of  the  earth. 
There  is  no  reason  to  suppose  that  any  granite  with  which  we 
.are  cognisant  has  been  formed  even  at  so  great  a  depth  as 
twenty  miles,  a  distance  so  small  compared  with  the  earth's 
diameter  that  it  fails  to  have  any  value  in  guiding  us  to  a 
knowledge  of  the  more  distant  material  of  the  real  interior.  At 
that  greatest  depth  it  seems  clear  that  the  ordinary  surface 
conditions,  acting  upon  ordinary  surface  materials,  might  and 
would  have  produced  the  rocks  we  find.  They  may,  therefore, 
be  nothing  more  than  altered  conditions  of  such  rocks  as  are 
still  formed  and  deposited  in  our  seas.  By  slow  degrees 
■covered  up,  and  afterwards  depressed,  the  sand  and  mud  of  a 
sea  bottom  are  soon  brought  under  the  combined  influences  of 
heat  and  pressure,  and  the  currents  of  electricity  and  earth 
magnetism,  acting  through  the  agency  of  water,  have  effected 
great  chemical  and  mechanical  change.  Once  altered  the  rocks 
have  been  again  elevated  and  exposed  to  mechanical  action  at 
the  surface. 

That  within  the  earth  there  is  at  a  moderate  depth  an 
equable  temperature  throughout  the  year,  and,  as  we  descend, 
a  somewhat  irregularly  increasing  permanent  temperature,  is 
a  fact  of  observation.  This  temperature,  if  it  continues  to  in- 
■crease  regularly  according  to  the  same  law  (1°  F.  for  every  60 
feet),  would  at  very  moderate  depths  be  sufficient  to  fuse  rocks 
of  any  kind,  notwithstanding  the  increased  pressure  of  the 
overlying  rocks  It  has  heen  proved  by  experiment  that  water 
■not  only  penetrates  and  circulates  through  porous  rocks  at 
great  depths,  but  that  under  the  extreme  pressure  at  those 
'depths  the  rock  becomes  more  and  not  less  permeable  to  water, 
and  is  likely  to  be  more  easily  acted  on  by  chemical  causes  of 
■change.  The  passage  of  water  through  crevices  and  fissures 
in  rocks  appears  to  be  greatly  checked  at  the  depth  of  a  few 
liundred  yards.  The  greatest  depth  hitherto  reached  from  the 
-surface  is  2,150  feet. 
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The  densify  of  ordinary  rocks  at  the  surface  of  the  earth  ii 
very  much  smaller  than  the  mean  density  of  the  whole  mass. 
The  latter  is  ahout  five  and  a  half  times  greater  than  water, 
most  of  the  surface  rocks  being  only  about  two  and  a  half  times 
as  heavy  as  water.  It  is  clear,  therefore,  that  the  material  of 
the  interior  must  be  uniformly  more  dense,  or  else  unlike  that 
which  we  are  in  the  habit  of  seeing  at  the  surface,  unless,  in- 
deed, the  temperature  diminishes  instead  of  increasing,  in 
spite  of  the  increased  pressure.  It  has  been  calculated  by 
Professor  W.  Thomson,  of  Glasgow,  and  Mr.  W.  Hopkins,  of 
Cambridge,  that  the  crust  of  the  earth  must  consist  on  the 
■whole,  and  to  an  enormous  depth,  of  some  kind  or  condition  of 
solid  material  more  rigid  than  steel.  If  it  were  not  so,  the 
height  of  the  tides  and  the  amounts  of  precession  and  nutation 
would  be  smaller  than  they  are  found  experimentally  to  be. 
The  rigidity  of  the  uppermost  crust  of  the  earth,  as  known  to 
us  by  observation,  is,  however,  less  than  that  of  glass,  so  that 
to  produce  an  average  agreeing  with  calculation,  the  rigidity 
must  increase  towards  the  interior.  It  seems  that  at  least 
half  the  distance  from  the  surface  to  the  centre  must  be  solid 
and  rigid,  to  enable  our  planet  to  preserve  its  figure,  and  allow 
the  tides  of  the  ocean  and  the  movements  of  3ie  earth  to  re- 
main unchanged. 

Ingenious  speculations  have  been  made  and  suggestions 
offered  on  the  supposition,  that  tha  outer  shell  of  the  earth 
may  from  time  to  time  have  shifted  its  position  on  its  axis,  or 
slipped  round  as  it  were,  owing  to  geological  changes  tending 
to  increase  or  diminish  the  quantity  of  solid  matter  at  parti- 
cular parts  of  the  surface.  The  result  of  a  bulging  out  of  the 
earth,  or  an  excess  of  mass  at  any  part,  would  have  the  ten- 
dency to  bring  that  part  to  the  equator,  by  changing  the  posi- 
tion of  the  axis  of  rotation.  This  would  not,  however,  affect 
the  equilibrium  of  the  earth,  and  it  is  a  result  that  might  be 
produced  with  extreme  slowness.  Such  a  change  would,  it  is 
believed,  account  for  many  phenomena  of  change  of  climate.* 

The  material  elements  of  the  earth  are  known  only  by  those 
presented  to  us  at  the  surface,  and  within  the  last  few  years 
more  than  one  of  these  has  been  discovered  during  the  progress 
of  experiments  and  observations  concerning  the  nature  of  light 
and  the  probable  composition  of  the  sun's  atmosphere. 

•  Proo.  of  Boy.  Soc.    Vol.  xv.,  p.  46. 
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In  a  technical  sense  elements  are  material  substances  that 
have  not  hitherto  been  obtained  in  a  state  admitting  of  decom- 
position into  two  or  more  other  substances.  Whether  they  are 
really  simple  in  the  ordinary  sen^e  of  the  word,  or  whether 
they  are  compounds  of  some  one  or  more  ultimate  forms  of 
matter,  permanent  under  the  action  of  all  known  causes  of 
change,  need  not  here  be  discussed.  It  seems  certain  that  of 
the  supposed  elements  not  a  few  are  common  to  the  sun  and 
earth  in  the  state  in  which  we  know  them,  and  it  is  not  un- 
reasonable to  assume  that  the  other  planets  and  satellites  are 
similarly  constituted.  The  results  of  recent  observations 
would  even  tend  to  show  that  the  fixed  stars,  vast  as  their  dis- 
tance is  and  completely  as  their  stellar  systems  seem  to  bt 
separated  from  our  solar  system,  are  yet  possessed  of  material 
elements  such  as  those  that  exist  in  the  earth.  This  conclu- 
sion has  been  drawn  from  experiments  recently  conducted  in 
reference  to  the  dark  lines  in  the  image  produced  on  separa- 
ting the  rays  of  a  pencil  of  solar,  stellar  or  other  Hght. 

Matter  is  presented  on  the  earth  in  three  forms — solid, 
liquid  and  gaseous — due  to  the  presence  of  heat,  and  to  tha 
different  mode  in  which  different  combinations  of  material 
atoms  are  affected  by  heat.  Some  of  the  elements,  and  some 
combinations  of  ceitain  elements,  are  capable  of  existing  in- 
either  form  at  ordinary  temperatures.  Other  elemeats  and 
other  combinations  exist  only  in  one  or  two  of  the  three  states^ 
though  perhaps  capable  of  alteration  by  increments  or  decre- 
ments of  heat  under  conditions  hitherto  undiscovered.  Thus, 
oxygen,  hydrogen,*  nitrogen,  chlorine  and  fluorine,  when  pure, 
are  gaseous,  and  have  never  been  condensed  into  fluid.  Bro- 
mine and  mercury  are  fluid,  but  easily  rendered  either  solid  or 
gaseous.  The  odier  known  elements  (between  fifty  and  sixty 
in  number),  are  solid,  but  may  be  melted  and  vapourised  by  heat. 
Of  combinations  of  two  elements,  some  are  fluid,  as  water  (a. 
combination  of  oxygen  and  hydrogen),  others  gaseous,  as  am- 
monia (nitrogen  and  hydrogen),  or  carbonic  acid  (carbon  and 
oxygen),  others  solid,  as  iion  pyrites  (iron  and  sulphur).  It 
is  possible  that  all  the  elements  may  exist  in  a  pure  state ' 
in  extremely  minute  division,  and  in  a  very  small  proportion»- 


*  According  to  the  recent  investigations  of  Mr.  Graham,  hydrogen' 
if  ■  tme  metal  combining  with  other  metals,  and  producing  aUoyi. 
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*otli  in  water  and  air.  If  this  be  the  case,  they  must  assume 
the  mechanical  condition  of  the  substance  into  which  they  are 
absorbed  or  with  which  they  mix. 

Of  the  elements  existing  in  the  solid  form  at  the  earth's 
•surface  at  ordinary  temperatures,  there  are  some  which 
■liquefy  on  exposure  to  heat  before  becoming  gaseous,  and 
some  that  pass  into  the  state  of  vapour  immediately,  without 
first  liquefying,  when  the  temperature  is  increased.  The 
metals  are  examples  of  the  former,  carbon  of  the  latter  con- 
edition.  As  also  the  temperature  at  the  earth's  surface  varies 
greatly  in  different  parts  and  at  different  seasons,  there  is 
■one  element  (mercury)  and  one  important  compound  (water) 
that  are  solid  or  fluid  in  different  parts  of  the  earth  at  the 
same  time.  Exposed  to  the  extreme  cold  near  the  poles 
■mercury  is  solid,  and  may  be  hammered  like  lead.  Exposed 
to  the  ordinary  cold  of  winter  in  the  temperate  zones,  or  at 
high  elevations  even  in  the  tropics,  water  becomes  ice. 
There  are  many  familiar  examples  of  natural  substances 
where  the  mechanical  state  changes  within  very  modera;te 
limits  of  temperature. 

Of  the  elements,  as  determined  by  the  chemist,  a  few  are 
sufficiently  abundant  and  common  near  the  earth's  surface  to 
•be  familiarly  known  in  their  simple  state.  Of  these  carbon, 
PHOSPHORUS  and  sulphur,  are  non-metallic.  Gold,  silver, 
■COPPER,  bismuth,  arsenic,  antimony  and  platinum,  exist  in 
their  natural  state  as  metals,  and  are  sometimes  so  obtained 
from  the  earth.  Iron,  lead,  zinc,  tin  and  nickel,  though 
used  abundantly  in  the  metallic  state,  and  remaining  un- 
changed when  once  reduced,  are  very  rarely,  or  never  found 
in  a  native  state.  Manganese,  chromium,  cobalt,  aluminium, 
and  a  few  others  less  important  may  also  be  named  as  capable 
■of  remaining  metallic  without  change,  but  never  found  so. 
Calcium,  potassium,  sodium,  and  some  others,  are  seldom 
seen,  and  their  influence  is  hardly  recognisad  as  metals,  but  in 
a  combined  state  as  earths  they  are  infinitely  abundant,  and 
■of  the  greatest  importance  in  the  construction  of  rocks.  With 
regard  to  some  few  recently  discovered  by  means  of  spectrum 
observations,  they  may  be  present  in  the  interior  of  the  earth, 
•and  they  seem  to  be  common  to  the  earth  and  the  solar 
^atmosphere ;  but  we  know  of  no  use  to  which  they  have  been 
put  by  nature,  and  they  have  not  yet  been  applied  to  any 
^practical  purpose  by  human  ingenuity. 
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Let  us  return  for  a  moment  to  the  consideration  of  metnS: 
whose  combination^,  on  account  of  their  extreme  abundance 
near  the  earth's  surface,  and  the  part  they  play  in  the  forma- 
tion of  common  rocks,  must  be  regarded  as  more  influential' 
than  most  of  the  elements.  Potassium  and  sodium  are- 
obtained  as  metals  by  difBcuIt  chemical  processes,  but  in 
other  forms  they  are  almost  imiversal.  Combined  witb 
chlorine,  under  the  form  of  common  salt,  sodium  is  an  im- 
portant ingredient  in  the  waters  of  the  ocean.  Magnesium, 
hardly  known  as  a  metol,  is  also  present  in  the  sea.  It  is  of 
the  greatest  importance  in  certain  rocks,  though  the  mode  in 
which  it  obtained  access  to  them  is  quite  unknown.  Calcidm' 
and  ALUMINIUM,  the  metallic  bases  of  limestone  and  clay,  and 
SILICON  or  siLiciUM,  the  element  which  yields  sand,  and  all 
varieties  of  silica  and  siliceous  rock,  must  be  regarded  as- 
more  important  and  influential  on  the  earth  than  any  other 
elements.  Except  aluminium,  which  has  lately  been  pro- 
duced in  large  quantities  at  a  moderate  expense,  and  sodium, 
manufactured  for  certain  special  purposes  on  a  large  scale, 
none  of  them  are  brought  into  the  metallic  state,  except 
as  chemical  curiosities,  nor  have  they  any  known  uses  as 
metals.  It  is  not  till  combined  with  oxygen  that  silicon 
becomes  flint,  or  aluminium  the  basis  of  clay,  and  both  oxygen 
and  carbon  must  mix  with  calcium  before  it  becomes  lime- 
stone (carbonate  of  lime),  and  o.x.ygen  and  silica  with  alumina 
before  clay  (silicate  of  alumina)  is  obtained. 

The  natural  combinations  of  elements  are  few,  compared 
with  the  number  there  must  have  been,  if  all  the  elements, 
entered  into  mutual  combinations  with  equal  facility.  There 
is  an  important  limitation  in  this  respect.  In  nature  the 
total  number  of  elements  and  substances  that  may  conveniently 
be  called  proximate  elements,  and  that  enter  largely  into  the- 
composition  of  the  earth's  surface,  is  extremely  small,  and 
easily  leanit.  It  may  be  useful  to  name  and  describe  briefly 
the  materials  we  are  most  likely  to  meet  with,  and  that 
appear  to  have  had  most  influence  in  the  formation  of  the 
earth. 

Beyond  all  doubt  the  substance  that  is  most  important  and 
most  essential  on  the  earth's  surface  is  oxygen  gas.  Thi» 
substance  forms  one-fourth  part  by  weight  of  the  whole  atmos- 
phere, and  nearly  niue-tenths  by  weight  of  the  whole  of  the 
water  on  the  caith.     It  occurs  in  about  a  hundred  and  forty 
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■combinations,  independent  of  life  or  organisation,  and  in  b 
!arge  number  of  organic  compounds.  It  may  be  estimated  to 
constitute  at  least  one-third  part  by  weight  of  the  solid  mass 
of  the  earth  which,  so  far  as  we  know  it,  is  composed  chiefly 
■of  metallic  oxides  and  oxygen  salts.  It  is  obtained  without 
•difficulty  in  a  pure  form,  although  it  can  hardly  be  said  to 
■exist  in  nature  in  a  simple  state,  its  mixture  with  nitrogen 
in  the  atmosphere  masking  many  of  its  properties.  Oxygen, 
though  so  readily  forming  solid  compounds,  has  never  been 
liquefied,  much  less  solidified.  It  combines  in  various  pro- 
portions, its  simplest  combinations  generally  assuming  the 
"form  of  acids.  These,  again,  combine  separately,  with  various 
elements  and  compounds,  producing  the  group  of  salts.  The 
■earths,  for  the  most  part,  are  double  compounds,  oxygen 
being  present  in  both.  Thus  carbon  combines  with  oxygen  to 
produce  carbonic  acid,  and  calcium  with  oxygen  to  produce 
quick-lime.  Carbonate  of  lime,  or  limestone,  is  a  compound 
■of  carbonic  acid  and  lime.  So  aluminium  and  oxygen  form 
4ilumina,  silicon  with  oxygen  silica,  and  silica  with  alumina 
form  silicate  of  alumina,  the  basis  of  clay.  Oxygen  combines 
'with  most  of  the  metals  very  readily,  and  forms  important 
■compounds.  Thus  oxide  of  iron  is  everywhere  present,  both 
in  organic  and  inorganic  nature,  while  for  metallic  iron  man 
is  indebted  to  his  own  exeitions  and  ingenuity.  Manganese 
is  almost  as  common  in  the  state  of  oxide  as  iron,  but  the 
metal  is  not  used  in  the  arts,  and  can  hardly  exist  on  the  earth 
■owing  to  the  extreme  readiness  with  which  it  decomposes  moist 
«,ir,  and  is  converted  into  an  oxide. 

The  relative  abundance  of  hydrogen  in  the  earth  is  not  so 
great  as  that  of  oxygen,  but  the  supply  is  certainly  very  con- 
siderable. Not  only  does  it  enter  into  the  composition  of  all 
•waters,  but  it  is  evolved  from  the  earth  in  volcanic  districts,  and 
is  present  in  coal.  And  it  must  be  remembered  that  water 
is  not  confined  to  the  rivers,  lakes  and  ocean.  It  exists  in 
great  abundance  in  every  part  of  the  earth  and  air.  All 
rocks  contain  it,  and  it  courses  through  all  crevices  and  veins. 
Owing  to  the  circulation  of  water  by  rain  tliere  is  a  constant 
■accumulation  on  the  surface,  and  rocks  are  kept  permanently 
wet  by  the  water  that  enters  into  and  passes  through  them.  A 
very  appreciable  per-centage  of  the  weight  of  every  rock  in  its 
natural  state  consists  of  water. 

NiTBOQEN  constitutes  three  fourths  of  the  atmosphere,  and 
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is  present  in  many  rocks,  of  which  it  may  be  said  to  form  an 
essential  part.  It  exists  in  coal,  as  is  exhibited  by  the  ammo- 
niacal  products  obtained  from  the  distillation  of  that  mineral. 

Chlobine  is  widely  disseminated,  being  an  ingredient  of 
common  salt,  which  is,  in  chemical  language,  chlmide  of  sodium. 
It  is,  therefore,  present  in  salt  water,  and  in  the  great  masses 
of  rock  salt  so  abundant  in  some  countries.  Phosphorus  is 
important  as  entering  into  the  structure  of  bone.  It  is  much 
more  widely  disseminated  than  is  generally  supposed,  and 
phosphate  of  lime  is  a  frequent  mineral.  Fluorine  is  an  in- 
gredient in  a  large  class  of  minerals.  It  enters  into  the  com- 
position of  granite,  gneiss,  greenstone,  and  other  metamorphic 
rocks.     Lithium  occasionally  replaces  it. 

Of  the  solid  bases,  siltcium  is  that  which  is  most  widely 
'distributed.  In  all  the  old  rocks,  and  in  all  metamorphic  and 
igneous  rocks  it  is  present,  almost  always  to  the  extent  of 
45  per  cent.,  and  usually  to  between  50  and  70  per  cent.  In 
some  it  consists  of  from  70  to  95  per  cent,  of  the  whole,  and 
the  greater  part  of  whole  series  of  rocks  is  composed  of  silica. 
It  is  present  in  most  limestones,  and  even  in  chalk  silica 
sometimes  forms  from  one-fourth  to  one-third  of  the  mass. 

Aluminium  comes  next  tc  silica  in  order  of  importance.  It 
is  an  essential  ingredient  (with  silica)  in  all  clays.  Lime- 
stones* also,  are  rarely  without  it.  It  forms  the  essential 
mineral  base  of  felspar,  and  of  all  those  numerous  volcanic 
rocks  of  which  lava  and  basalt  or  greenstone  (the  lavas  of 
ancient  times)  are  the  representatives.  Potassium  and  sodium 
follow  next  in  order,  if  we  regard  universality  of  distribution, 
and  CALCIUM,  if  quantity  regulates  the  order.  Magnesium, 
also,  is  very  widely  distributed,  being  present  in  large»classes 
of  rocks,  and  sometimes  very  abundantly.  It  is  eminently 
characteristic  of  whole  classes  of  rocks. 

Of  the  metals  which  form  an  essential  part  of  rocks,  iron 
and  manganese  are  the  most  important.  It  has  been  calcu- 
lated that  in  addition  to  those  admixtures  of  iron  and  oxygen 
to  which  the  name  of  'iron  ores'  properly  belongs,  more  than 
5  per  cent,  of  the  lower  stratified  rocks  consists  of  iron,  and 
it  is  probable  that  the  per-centage  is  still  larger  in  the  upper 
and  newer  rocks.  Manganese  is  almost  as  widely  distributed, 
but  is  much  less  in  quantity.  The  other  metals  are  chiefly 
met  with  in  veins  or  crevices  in  rocks.     Some  are  widely 
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epread,  but  in  small  quantity  ;  others  are  only  present  in  car- 
tain  localities,  and  are  there  tolerably  abundant. 

The  combinations  of  elements  that  form  rocks  are  by  n» 
means  so  numerous  or  so  complicated  as  might  be  supposed  ; 
and  thus  the  chemistry  of  rocks  is  far  more  simple  than  that 
of  organic  compounds.  Most  of  the  combinations  are  either 
binary,  or  one  element  with  another;  or  ternary,  three  elements 
together.  Of  the  former,  water  (oxygen  and  hydrogen  gases), 
salt  (chlorine  and  sodium),  iron  pyrites  (iron  and  sulphur),  are 
examples.  Of  the  latter,  limestone  or  carbonate  of  lime  (carbon, 
oxygen,  and  calcium),  clay  or  silicate  of  alumina  (silica,  oxygen, 
and  aluminum),  are  examples.  Besides  combinations;  there 
are  mere  mixtures,  in  which  no  compound  atoms  are  formed. 

Mixtures  are  generally  loose  and  accidental.  But  some  mix- 
tures, as  that  of  oxygen  and  nitrogen,  forming  atmospheric 
air,  are  of  the  greatest  importance  in  nature.  So,  also,  are 
some  of  the  mixtures  of  metals  or  alloys.  So,  again,  the  mix- 
ture of  a  certain  definite  quantity  of  water  with  various  com- 
pounds seems  absolutely  essential  to  their  existence  in  the- 
solid  state.  Water,  indeed,  forms  part  of  almost  every  known, 
rock  and  of  most  minerals,  either  in  a  direct  or  indirect  state 
In  the  former  case  it  may  be  got  rid  of  by  exposure  to  high 
temperature  without  decomposition.  In  the  latter  it  is  called 
water  of  solidification. 

It  is  not  possible,  perhaps,  to  exaggerate  the  importance  of 
water,  in  carrying  on  the  great  operations  of  nature.  And  this 
is  the  case,  although  there  is  no  reason  to  suppose  that  it  acts 
chemically,  or  combines  with  them  in  the  strict  and  technical 
sense  of  the  expression.  The  mere  admixture  with  water 
is  sometimes  limited  to  certain  proportions,  dependent  on 
temperature.  Combinations,  also,  take  place  most  favourably 
under  certain  conditions  of  temperature  and  pressure,  and 
thus  these  two  modes  of  association  of  elements,  apparently 
very  distinct,  have  certain  relations  with  each  other.  There 
is  also  a  kind  of  selection,  or  elective  affinity,  according  to 
which  the  phenomena  of  decomposition  of  existing  things,  and 
recomposition  of  their  elements  into  different  minerals,  are 
constantly  taldng  place  in  nature.  In  this  way  are  produced 
those  changes  of  rocks  in  which  a  number  of  elements  and 
eombinations  of  various  kinds  are  brought  into  contact.  This 
is  often  done  in  the  presence,  and  by  the  aid  of  water,  without 
which  the  conditions  would  be  unfavourable  for  the  exercise  of 
the  affinities.    A  due  notice  of  these  relations  of  the  physical 
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forces,  however,  is  too  large  and  important  a  subject,  and  its . 
bi;aring  on  physical  geography  too  intimate  to  be  fitly  discussed 
in  a  few  paragraphs  at  the  end  of  a  chapter. 

With  the  earth  as  a  planet  physical  geography  has  not 
much  to  do,  and  as  we  can  never  know  with  precision  the 
condition  of  the  interior,  we  must  be  content  to  learn  all  we 
may  of  the  surface.     When  we  speak  of  the  surface  of  the 
earth,  however,  we   necessarily  include  not  only  the  land, 
with  all  its  inequalities  of  level,  of  material,  and  of  covering, 
whether  animal,  vegetable,  or  mineral,  but  also  the  water  and 
air  that  rest  upon  it,  and  the  rocks  beneath  the  surface.     If 
we  were  to  regard  as  the  surface  the  outer  hmits  of  our  planet, 
using  the  expression  in  an  astronomical  and  strict  sense,  we 
must  not  stop  here.     We  should,  indeed,  be  obliged  to  wander 
aw6.v  to  the  extreme  boundary  of  the  atmosphere  of  mixed 
gases.     But  this   would  he  a  limit  utterly  useless   to  the 
geographer,  even  if  it  were  possible  to  attain.     The  human 
interest  of  the  earth,  if  not  confined  to  the  districts  easily 
accessible  to  man,  is  necessarily  most  direct  and  strongest  in 
reference  to  the  part  inhabited  by  sentient  and  intelligent 
beings.     So,  again,  we  must  not  confine  ourselves  to  the  limit 
of  the  solid  surface,  for  we  know  nothing,  or  at  least  very 
little,  of  the  ocean  floor.     We  are  reduced  to  the  limit  so 
familiar  to  all,  namely,  the  general  surface  of  contact  between 
the  atmosphere  and  the  land  or  water,  this  surface  having  a 
visible  and  tangible  limit,   and  including  only  so   much  of 
the  rocks  beneath,  and  the  air  above,  as  comes  within  ob- 
servation.    We  may  regard  the  earth  as  a  solid  globe,  there- 
fore, for  the  purposes  of  this  investigation.     Of  this  glolpe  the 
inequalities  are  partly  concealed  by  water,  and  the  whole  is 
covered  by  a  thin  transparent  gaseous  veil,   definite  in  its 
composition,  and  easily  examined  and  understood,  being  in 
close  contact  with  earth  and  sea.     Each  of  the  three  divisions- 
of  land,  water  and  air,  will  demand  separate  and  careful  con- 
sideration, and  in  fact  the  study  of  the  phenomena  of  each  is 
a  distinct  department  of  science.     Fully  to  comprehend  the 
solid  crust,  the  water,  and  the  air,  which  are  all  we  have  to 
deal  with  in  physical  geography,  we  must,  however,  know 
something  of  the  earth's  interior,  and  of  the  history  of  its 
construction,  as  taught  by  its  structure.      A  description  of 
the   earth's  surface   must   thus  commence  with   some  brief 
account  of  its  history.     Geology,  so  far  as  this,  is  a  part  of 
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physical  geography ;  and  it  is  also,  to  this  extent,  thoi^h  not 
otherwise,  an  elementary  and  introductory  part.  We  cannot 
recognise  and  understand  the  facts  that  are  observed  at  the 
earth's  surface  without  knowing  something  of  the  history  of 
the  surface  and  the  rocks  oi  which  it  is  made  up. 

But  if  it  is  necessary  to  know  something  of  the  matter  of 
which  the  earth's  surface  is  composed,  it  is  certainly  not  less 
fio  that  we  should  be  acquainted  with  what  is  known  concern- 
ing the  physical  forces  and  their  mode  of  action.  Much  has 
lately  been  added  to  the  sum  of  human  knowledge  by  investi- 
gations carried  on  in  reference  to  these  forces.  It  is  not 
needful  to  enter  into  detail  on  the  subject,  but  the  mode  in 
which  forces  are  represented  by  motion,  each  being  resolvable 
into  the  other,  is  too  important  to  be  passed  by  without  special 
reference.  We  must  thus  postpone  our  account  of  those  details 
that  belong  to  physical  geography  till  the  reader  has  become 
prepared  to  understand  them  in  their  bearing  on  each  other, 
and  on  the  earth's  histoiy. 
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PHYSICAL  FOECES. 

We  have  seen  in  the  last  chapter  that  the  whole  planetary 
system  to  which  our  earth  belongs  is  acted  on  by  certain  forces, 
tending  to  produce  motion,  and  it  has  been  stated  that  these 
forces  bear  various  names.  All  masses  of  matter  or  collections 
of  material  particles  are  subject  to  mutual  attraction,  in  pro- 
portion to  their  quantity  of  matter ;  and  two  bodies,  each  contain- 
ing a  definite  quantity  of  matter  and  placed  at  a  distance, 
attract  each  other,  or  tend  to  come  in  contact,  with  a  force  that 
varies  in  proportion  to  their  mass,  and  inversely  as  the  square 
of  the  distance  between  them.  This  is  the  force  of  gravitation. 
By  it  the  planets,  their  satellites,  and  the  sun  are  mutually  at- 
tracted. When,  however,  under  certain  circumstances,  the 
particles  of  matter  are  near  together,  they  sometimes  (not 
always)  tend  to  combine  into  one  solid  or  fluid  mass.  The 
force  thus  acting  is  recognised  as  the  force  of  cohesion.  It  is 
■exhibited  in  the  largest  degree  in  compact  hard  solids,  and  in 
the  smallest  degree  in  fluids.  Mere  contact,  under  ordinary 
circumstances  of  temperature,  is  not  enough  to  bring  this  force 
into  play,  but  the  result  when  two  flat  surfaces  of  polished 
glass  are  pressed  together  with  force,  or  when  two  pieces  of 
metal  are  melted  together,  will  illustrate  its  nature. 

The  particles  of  matter,  however,  are  never  really  in  contact, 
for  they  are  always  capable  of  motion  among  themselves,  and 
there  are  always  intervals  between  them,  admitting  free  motion 
•of  the  particles  among  each  other,  and  even  of  the  passage 
of  particles  of  other  matter  between  the  atoms  or  molecules  of 
the  most  solid.  It  is  a  fact  too  familiar  to  need  more  than  a 
bare  mention  that  electrical,  magnetic  and  galvanic  currents, 
•whatever  these  may  be,  pass  freely  through  and  among  the 
sartidea  of  solids,  fluids,  and  gases,  in  some  cases  modifying 
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them,  in  others  not  seeming  to  produce  any  change  Ths- 
various  forces  that  may  be  understood  as  combined  under  tha- 
name  electricity  are  known  to  be  incessantly  at  work,  producing; 
and  tending  to  produce  change ;  and  whether  they  act  as  inde- 
pendent material  substances,  or  by  setting  in  motion  an  ether 
between  the  particles  of  the  solid,  or  by  moving  the  partioles- 
of  the  solid  among  themselves,  the  same  genera^l  conclusion- 
must  be  admitted. 

Besides  the  forces  already  referred  to,  changes  are  excited- 
in  the  internal  composition  of  many  substances,  and  modifica- 
tion of  structm-e  is  effected  by  what  is  called  chemical  action.. 
The  decomposition  that  takes  place  when  certain  substances- 
are  brought  into  contact  at  certain  temperatures,  and  the  re- 
combination of  elements,  which  is  common  and  familiar  in  the 
most  ordinary  operations  of  nature  and  art,  are  examples  of 
the  existence  of,  and  power  exerted  by,  this  force. 

Vital  energy  is  another  of  the  great  forces  of  nature.  Not 
less  distinct  from  the  forces  enumerated  above  than  they  are- 
£rom  each  other,  but  hardly  more  so,  we  cannot,  in  the  present 
state  of  science,  regard  life  as  other  than  a  mechanical  result 
of  the  continued  action  of  these  forces.  The  exact  mode  in- 
which  it  agrees  with,  and  differs  from,  other  forces  is  not  yet 
clear,  but  neither  are  the  precise  relations  of  these  to  each 
other.  That  life,  however,  is  a  result  of  the  action  of  chemi- 
cal, electrical,  and  mechanical  forms  of  force,  all  modem  dis- 
coveries in  physical  science  render  almost  certain.  The  mode 
in  which  the  forces  act,  and  their  mutual  relations,  have  not 
yet  been  exemplified,  either  by  experiment  or  by  the  study  of 
nature. 

To  understand  the  mode  of  action  of  some  one  of  the  various- 
forces  and  kinds  of  force  that  affect  matter,  is  a  great  step 
towards  a  knowledge  of  general  physics,  and  it  is  a  step 
especially  useful  in  the  study  of  physical  geography.  Heat  is^ 
that  one  with  which  aU  persons  are  most  familiar,  and  a  few 
illustrations  of  the  way  in  which  heat  is  convertible  into  other 
forces,  replaces  them,  and  produces  identical  results  on  matter, 
cannot  fail  to  be  useful  and  interesting,  and  will  form  a  fit 
introduction  to  the  present  state  of  physicitl  science. 

Every  kind  and  variety  of  motion  produces  heat,  and  every 
variety  of  motion  produced  by  heat  may  be  resolved  into  expan- 
sion and  contraction,  or  the  production  of  a  greater  or  smaller 
interval  between  the  component  particles  of  the  substance  at- 
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tfccted.  So,  also,  every  motion  produces  heat.  Metciuiy 
-poured  from  one  basin  into  another,  water  falling  in  a  cataract, 
the  grinding  of  a  glflciel:  as  it  cteeps  down  a  vdlley  in  the  Alps, 
the  dashing  of  the  waves  of  the  sea  during  a  storib,  are  all 
sources  of  heat.  Fridtion,  ot  rather  the  oveWofiiiiig  of  friction, 
produces  heat.  The  heating  of  the  axles  of  a  railway  carriages 
is  the  result  of  fribtion  and  tiie  interruption  of  Smooth  motioti, 
and  in  so  far  it  is  a  waste  of  power  or  force.  A  train  is 
stopped  by  the  conversion  of  motion  into  heat.  Force  is  never 
lost,  either  by  any  change  of  direction  or  atiy  alteration  of  in- 
tensity of  action,  it  is  merely  converted,  and  the  ordinary  con- 
version is  otherwise  expressed  when  we  say  that  interrupted 
luotion  produces  heat,  and  that  heat  produces  motion.  Aero- 
lites passing  through  the  air  are  not  only  so  intensely  heated 
by  friction  that  their  advancing  surface  is  melted,  but  in  many 
■cases  the  materials  are  probably  dissipated.  In  this  way  the 
«arth  is  generally  spated  the  result  of  meeting  foreign  bodies 
moving  with  the  velocity  of  planets,  because  these  bodies  are 
checked  by  friction  with  our  atmosphere.  If,  however,  an 
■aerolite  reaches  the  earth  it  is  at  once  buried  to  considerable 
depth  in  the  soil  and  lost  sight  of,  always  with  the  same  result 
«nd  following  the  same  law  that  motion  and  heat  are  con- 
vertible. 

It  may  be  regarded  as  certain  that,  under  all  circumstances, 
i;he  quantity  of  heat  generated  by  the  same  amount  of  force  is 
■fixed  and  invariable.  Thus,  the  quantity  of  heat  that  would 
raise  one  pound  of  water  1*>  F.  in  temperature,  is  exactly 
equal  to  what  would  bf  gener&tsd  if  %  pound  weight,  aftr* 
<having  fallen  through  a  height  of  T7&  feet,  had  its  moving 
•force  destroyed  by  collision  with  the  earth.  The  result  of  im- 
•pact,  when  a  body  in  rapid  motion  is  suddenly  stopped,  is  the 
development  of  a  quantity  of  heat,  distributed  between  the 
striking  and  the  stricken  body.  Thus,  the  impact  of  a  rifle 
ball  against  an  iron  target  produces  more  than  enough  heat  to 
•melt  the  lead,  but  the  capacity  of  iron  for  heat  being  greater 
than  that  of  lead,  the  temperature  of  the  latter  is  taised  only 
about  by  one-third  of  the  augmentation  of  heat.  It  has  been 
-calculated,  from  th-e  knovra  weight  and  rate  of  motion  of  the  earth, 
that  if  our  planet  were  suddenly  met  in  space  by  another  globe 
-of  equal  size,  capable  of  stopping  it,  the  quantity  of  heat  gene- 
o^ted  by  the  impact  would  be  equal  to  that  derived  from  the 
:CombusUon  of  fourteen  globes  of  coal  equal  to  the  earth  in  size. 
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This  vould  be  sufficient,  not  only  to  fuse  the  earth,  but  reduce- 
it  in  great  part  to  vapour,  and  if,  after  the  stoppage,  both, 
globes  should  fall  to  the  sun,  the  amount  of  heat  generated  by 
the  two  would  equal  that  developed  by  the  combustion  of  five 
thousand  six  hundred  worlds  of  solid  carbon.*  In  some  such, 
way,  perhaps,  the  sun  is  fed.  and  that  constant  supply  of  heat, 
produced,  which  afterwards  passing  out  again  into  space  com- 
municates life  in  distant  spheres. 

Heat,  then,  is  another  form  of  motion.  It  is  the  motion 
of  a  mass  reduced  to  the  motion  of  the  atoms  of  which  the 
mass  is  built  up.  We  cannot  see  this  kind  of  motion,  and  in 
solid  bodies,  heated,  but  still  solid,  the  particles  must  be. 
regarded  as  in  a  state  of  peculiar  vibration.  As  we  increase 
the  heat,  we  increase  these  vibrations,  and  at  length  the  par- 
doles  become  separated  from  one  another  by  a  definite  intervaL 
Thus,  in  ordinary  cases,  heat  first  produces  expansion  or 
enlargement  of  the  heated  body,  and  if  continued,  the  par- 
ticles become,  by  degrees,  so  far  loosened  from  the  attractioa 
of  cohesion,  that  they  roll  and  glide  round  and  amongst  each 
other.  This  state  we  call  fluidity.  While  still  held  together 
they  move  laterally  with  freedom,  and  so  long  as  this  is  the- 
case  they  retain  the  fluid  condition ;  but,  if  the  heat  be  con- 
tinued, the  particles  become  at  last  absolutely  uncontrolled. 
by  the  force  of  cohesion,  and  pass  into  vapour.  According  to 
this  view  vapour,  and  the  gaseous  condition  of  matter,  simply 
mean  that  state  of  matter  in  which  the  particles  are  thrown, 
off  into  space  with  great  and  rapid  motion.  On  the  other 
hand,  when  a  body  is  in  this  state,  and  meets  with  particles 
of  other  matter,  whether  of  the  atmosphere  itself,  or  sub- 
stances contained  in  it,  the  motion  becomes  gradually  com- 
municated, and  apparently  dissipated.  The  fluid  and  solid, 
forms  are  re-assumed,  and,  unless  new  combinations  hav» 
been  formed,  the  matter  re-assumes  its  former  state. 

All  substances  do  not  expand  regularly  by  heat,  and  water 
is  one  of  those  in  which  this  exception  is  very  remarkable,, 
and  admirably  adapted  to  the  conditions  of  life  on  the  globe. 
Bismuth,  in  Jike  manner,  expands  when  cooling  to  the  state 
of  solidity  from  a  melting  state.  Just  as,  during  frost,  jugs 
with  small  necks,  and  leaden  pipes  fuU  of  water,  are  burst,  so 
if  melted  bismuth  be  put  in  an  iron  bottle,  and  closed  by  Sk. 

*  Tyndall'a  "Heat  as  a  Mode  of  Motion,"  p.  43. 
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Stopper,  firmly  screwed,  the  iron  bottle  -will  be  rent  asunder 
as  the  metal  solidifies.  India  rubber,  also,  shortens  on  being 
heated.  It  is  an  important  result,  proved  by  experiment, 
that  those  substances  which  contract  on  solidifying,  and 
expand  on  liquefying,  require  more  heat  to  fuse  them,  ac- 
cording as  the  pressure  to  which  they  are  exposed  is  greater. 
On  the  other  hand,  those  which,  like  water,  expand  on  sohdi- 
lying,  melt  at  a  lower  temperature  when  pressure  is  increased. 
These  exceptional  conditions  are  not  without  explanation,  but 
it  is  not  necessary  here  to  do  more  tlian  allude  to  the  facts. 

The  motion  of  atoms,  as  induced  by  heat,  is  extremely 
difierent  under  different  circumstances,  and  is  not  the  same 
in  the  various  simple  and  compound  minerals  and  rocks 
common  on  the  earth.  Some  are  said  to  conduct  heat  (or 
allow  of  its  transmission  through  them)  very  readily,  some 
are  very  bad  conductors.  In  other  words,  the  motion  of  the 
atoms  (or  the  molecular  transfer),  which  consists  in  each 
atom  taking  up  the  motion  from  its  neighbour  and  sending 
it  on  to  that  next  beyond  it,  is  in  some  bodies  rapid,  while 
in  others  it  is  slow.  Metals  generally  are  much  better  con- 
ductors than  other  substances.  At  the  head  of  the  metals 
is  silver,  and  at  the  other  extremity  is  bismuth.  If  the  con- 
ducting power  of  sDver  is  100  that  of  bismuth  is  only  2. 
After  silver  are  copper  (74),  gold  (53),  brass  (24),  tin  (]  5), 
iron  (12),  lead  (9),  and  so  on.  Wood,  stone,  glass,  clay,  &c., 
are  very  much  worse  conductors  even  than  bismuth.  In  all 
cases  the  rate  at  which  the  oscillatory  motion  of  the  atoms 
which  represents  heat  is  transmitted  through  substances  de- 
pends on  the  mode  in  which  the  atoms  are  arranged. 

It  is  important  to  notice  that,  in  the  case  of  many  trans- 
parent crystals,  heat  travels  more  rapidly  and  readily  along  the 
axis  of  the  crystal  than  in  any  other  direction.  There  are, 
however,  exceptions  to  this,  for  tourmaline  conducts  best  at 
right  angles  to  its  axis.  Wood,  which  is  a  bad  conductor,  in 
comparison  with  metals,  conducts  best  in  the  direction  of  the 
fibre.  Almost  all  animal  tissues  and  productions  are  very 
much  inferior  to  wood  in  the  conduction  of  heat. 

Electricity  is  conducted  through  different  substances  a\, 
almost  exactly  the  rate,  and  in  almost  exactly  the  same  order 
as  heat.  Heat,  however,  is  developed  in  wire  by  a  current  of 
electricity,  and  the  more  rapidly  the  wire  conducts  heat  the 
longer  time  will  be  needed  to  heat  it  by  such  current.     Thus, 
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while  it  glides  with  little  resistance  among  and  along  the 
atoms  of  silver,  heat  is  continually  obstructed  in  passing 
through  platinum,  and  rapidly  brings  it  to  the  melting  point. 
Again,  a  heated  wire  does  not  conduct  so  rapidly  as  one  of 
the  same  metal  that  is  cool. 

The  exact  nature  of  the  motive  power  developed  or  acting  iti 
electricity  is  not  altogether  clear,  but  that  it  is  one  of  the  modes 
of  motion  there  can  be  no  doubt.  It  has  been  suggested, 
with  some  appeatance  of  probability,  and  with  much  in- 
genuity, that  while  heat  may  be  a  simple'  oscillation,  electricity 
may  result  from  certain  compound  oscillations.  When  two 
metals  of  dififerent  kinds  are  applied  to  one  another,  an  electric 
current  results.  If  the  two  metals,  having  different  periods 
of  oscillation,  be  placed  in  contact,  a  new  rhythm  or  rate  of 
oscillation  will  result,  which  is  slower  than  either,  and  differ- 
ent from  either.  This  is  well  illustrated  in  acoustics  in  the 
production  of  waves  of  sound  resulting  from  two  or  more 
simple  waves.  This  subject  is  still,  however,  under  consider- 
ation, and  the  action  of  the  electrical  current,  in  passing 
through  various  bodies,  requires  to  be  much  more  carefully 
studied  than  has  yet  been  possible  to  enable  the  physicist  to 
illustrate  clearly  the  state  of  the  case,  or  the  precise  nature  of 
the  motion  induced.  Whatever  it  be,  however,  there  can  only 
be  a  slight  and  subordinate  distinction  between  the  different 
varieties  of  electricity,  for  the  nature  of  the  force  is  the  same, 
whether  excited  in  one  way  or  another,  and  whether  it  be 
developed  in  currents  passing  through  one  kind  of  matter,  or 
through  matter  in  which  the  state  of  the  molecules  is  entirely 
distinct. 

Light,  also,  is  an  undulation  or  vibration  of  atoms  existing 
in  space,  and  therefore  it  is  a  form  of  motion.  A  pencil  of 
rays  that  comes  to  us  from  the  sun,  and  is  submitted  for 
examination,  is  found  to  be  complex  in  its  structure,  and  to 
be  built  up  of  clusters  of  rays,  some  consisting  of  variously 
coloured  light,  some  of  magnetic  force,  some  of  heat,  and 
some  of  peculiar  chemical  action.  When  broken  up  by  a 
jprism  the  image  of  the  ray,  or  the  visible  spectrum  thrown  on 
a  white  surface,  only  marks  an  interval  of  radiant  action,  in 
which  the  radiations  are  so  related  to  our  organisation  that 
they  excite  the  impression  of  light. 

But  beyond  this  interval,  in  both  directions,  radiant  power 
is  exerted  and  obscure  rays  fall,  those  falling  beyond  the  red  ray 
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*eiti5  powerful  to  prbduce  heat,  while  those  falling  beyond  the 
■nolet  are  powerful  to  produce  chemical  action*  The  ray  of  light 
is  the  vibration  of  an  all-pervading  ether.  The  eye  is  adapted 
to  receive  impressions  from  a  limited  number  of  vibrations, 
waves,  or  pulsations,  per  second  There  are  other  waves  of 
more  or  fewer  pulsations  beyond  these  limits  that  are  not 
perceived  by  the  ordinary  eye,  but  may  yet  be  appreciated  by 
other  senses.  There  are  others  that  our  senses  do  not  inform 
us  of.  So,  also,  in  the  same  way  there  are  waves  that  pro- 
-duce  audible  sounds  aiid  others  of  the  same  nature  that  are 
not  audible.  Under  certain  circumst;anoes  the  latter  can  be 
made  audible,  and  the  former  can  become  visible.  A  ball  of 
metal,  heated  to  a  certain  extent,  has  its  atoms  thrown  into 
oscillation,  but  the  waves  are  not  rapid  enough  to  be  seen. 
Heated  still  further,  however,  the  oscillations  become  rapid 
■  enough  to  be  visible,  and  we  say  the  ball  is  red  hot.  The 
visibility  is  only  obtained  when  a  certain  degree  of  oscillation 
is  reached.  The  sun  itself  acts  as  a  source  of  heat  and  light, 
'because  of  the  oscillation  of  its  particles,  which  communicate 
waves  through  space  adapted  to  aifect  our  organs.  Light  and 
heat,  therefore,  are  essentially  of  the  same  nature,  differing  in 
•degree.  The  action  of  light  in  producing  chemical  action  is 
well  known  by  the  ordinary  phenomena  of  photography.  It 
•is  yet  more  clearly  illustrated  by  the  fact  that  porous  surfaces, 
as  of  pasteboard,  absorb  light  when  exposed  to  its  influence, 
and  afterwards  in  the  dark  give  out  actinic  force  and  decom- 
pose the  silver  salts,  in  the  same  way  as  direct  ray's  of  light. 

There  is  a  great  difference  between  the  waves  of  sound  and 
those  that,  passing  through  ether,  communicate  ideas  of  heat, 
light,  and  chemical  action.  This  difference  may  be  under- 
stood in  some  measure  by  the  statement,  that  the  particles  of 
"the  atmosphere  whose  vibration  produces  waves  of  sound, 
move  backwards  and  forwards.  Those  of  heat  and  light  on 
the  contrary  move  up  and  down,  disturbing  the  ether  that  per- 
vades space,  but  not  affecting  the  atmosphere. 

All  the  rays  from  sun  and  stars,  and  the  reflected  rays 

'  -from  the  moon  and  planets,  are  produced  through  the  agency 

'Of  this  ether,  whidh  extends  throughout  the  universe,  and 

connects  all  the  systems  into  one  great  whole.     This  ether 

■■may  not  be  identical  with  material  atoms  in  the  ordinary 


*  Tyndall's  "Heat,"  &c.,  p.  255. 
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sense.  It  rather  surrounds,  and  comes  between  the  atoms  ot 
all  solid,  liquid,  and  even  gaseous  substances.  By  the  relation 
between  the  ether  and  the  atoms  of  certain  bodies,  the  waves 
that  excite  light  pass  through  them  without  disturbing  them. 
Such  bodies  are  transparent.  .  Other  bodies  allow  certain  waves 
to  pass,  but  not  all.  These  are  coloured  bodies.  Transparency 
to  one  wave  by  no  means  implicates  transparency  to  all,  nor 
does  transparency  to  light  mean  transparency  aJso  to  heat. 
Eock  salt  allows  much  light,  and  almost  the  whole  of  any  num- 
ber of  rays  of  radiant  heat  to  pass  through  it.  Ice  is  equally 
transparent  to  light,  but  allows  hardly  any  heat  rays  to  pass,, 
absorbing  and  checking  them  almost  all.  In  other  words,  the 
motion  of  a  wave  of  heat  passes  through  and  among  the  atoms 
of  rock  salt  dispersing  them  but  little,  and  therefore  checked 
but  little,  and  a  very  large  part  emerges  when  the  thickness 
of  the  plate  is  small.  On  tiie  other  hand,  the  motion  of  the 
wave,  when  it  enters  ice,  tends  to  move  the  atoms  of  ice,  and 
being  almost  entirely  occupied  in  this  interior  work,  but  littlfr 
heat  or  motion  emerges.  Glass,  also,  is  nearly  impervious  to 
heat  rays,  though  perfectly  free  to  light  rays.  A  glass  screen,, 
therefore,  interrupts  the  heat,  and  becomes  warm.  Like  ice, 
it  is  then  itself  a  radiant  body,  distributing  the  heat  in  all 
directions. 

The  air  around  us,  when  dry,  is  in  this  respect  like  rock  salt, 
for  it  allows  almost  the  whole  of  any  quantity  of  heat  rays  to 
pass  through  without  performing  any  interior  work.  The  par- 
ticles of  moisture  contained  in  it,  on  the  contrary,  interrupt 
a  proportion  of  such  rays,  And  it  is  not  only  water  or 
aqueous  vapour  that  intercepts  heat.  Gaseous  bodies  of  all 
kinds  do  so,  though  to  a  very  different  extent ;  the  vapour  of  all 
essential  oils — in  other  words,  all  scents,  whether  of  flowers  or 
animals — ammonia,  defiant  gas,  sulphurous  acid  gas,  and,^ 
above  all,  ozone — that  singular  and  little  understood  substance 
— ^these  affect  the  properties  of  air  to  a  marvellous  extent, 
interfering  with  it  in  all  cases  as  a  diathermic  *  medium,  and 
increasing  its  power  of  absorption  of  radiant  heat. 

It  is  impossible  to  over-rate  the  importance  of  this  fact. 
The  air,  when  dry,  allows  almost  the  whole  of  the  heat  (or 
motion)  derived  from  the  sun  to  pass  through  it.  And  this  is- 
the  oase,  whether  the  rays  consist  of  vertiral  undulations  ex- 

*  Diathennio  means  transparent  to  beatk 
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hibited  in  rays  of  light,  or  of  that  motion  ■which  is  resolved 
into  heat  when  its  course  is  interrupted.  But  although  light 
and  heat  so  readily  pass  through,  the  air,  if  pure,  would  not  be 
either  illuminated  or  heated  by  them.  The  air,  however,  is 
never  to  be  obtained  at  or  near  the  earth's  surface  without  the 
admixture  of  a  large,  though  exceedingly  variable  .quantity  of 
material  atoms,  either  of  water,  or  resulting  from  the  action, 
of  life,  and  all  these  alter  its  nature  with  regard  to  trans- 
parency to  heat,  so  that  a  certain  portion  of  the  rays  be- 
come absorbed,  and  the  air  is  so  far  warmed.  The  larger  the 
quantity  of  such  vapour  and  gas  the  greater  the  absorption,, 
and  when  the  air  is  loaded  with  these  substances,  absolutely  no- 
heat  passes  through,  the  whole  being  stopped  on  its  way. 
The  earth,  if  hot,  could  radiate  no  heat  whatever  into  spac& 
through  an  atmosphere  of  vapour,  and  thus  could  never  cool 
80  long  as  such  atmosphere  should  endure.  On  the  other 
hand,  the  sun's  rays  could  not  warm  the  earth  if  interrupted 
by  such  a  film.  The  vapour  itself  would  become  warmed, 
and  would  itself  radiate,  and  this  would  be  quite  indepen- 
dently of  the  source  of  heat.  It  is  difficult  to  express  how 
extremely  minute  is  the  proportion  of  vapour  that  seriously  in- 
terferes with  the  passage  of  heat,  and  causes  dry  air  to  cease 
to  be  diathermic  or  transparent  to  heat.  In  such  air  as  is- 
obtained  from  the  atmosphere  in  the  open  country  on  a  dry 
and  fine  day,  the  absorption  of  heat  has  been  found  by  Pro- 
fessor Tyndall  to  be  seventy  times  greater  than  the  absorp- 
tion of  absolutely  dry  air.* 

The  energy  of  water,  as  a  radiant,  is  not  less  remarkable- 
than  the  completeness  with  which  it  absorbs  radiant  heat. 
"  As  vapour,  it  pours  its  heat  into  space,  and  promotes  con- 
densation ;  as  liquid,  it  pours  its  heat  into  space,  and  pro- 
motes congelation ;  as  snow,  it  pours  its  heat  into  space,  and 
thus  converts  the  surfaces  on  which  it  falls  into  more  powerful 
condensers  than  they  would  otherwise  be."  \  The  removal  of 
the  aqueous  vapour,  even  in  any  large  degree,  produces  results- 
of  extraordinary  magnitude  on  the  earth,  rendering  almost  un- 
inhabitable large  portions  of  the  surface. 

There  is  one  very  curious  result  of  experiment  concerning 
vapours,  and  their  behaviour  in  reference  to  rays  proceed- 

•  Tyndall's  "  Heat,"  &c.,  p.  383.  t  lb.,  p.  389. 
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ing  from  some  source  of  light  and  heat.  It  is  that  a  gas  or 
▼apour  absorbs  those  precise  rays  which  it  can  itself  emit, — 
in  other  words,  the  atoms  which  swing  at  a  certain  rate  inter- 
cept the  waves  excited  by  atoms  swinging  at  the  same  rate. 
Absorption  means  the  transfer  of  the  motion  from  the  ether — 
the  atmosphere  of  space — to  the  particles  of  matter  immersed 
in  it,  and  the  absorption  of  any  atom  is  exerted  chiefly  upon 
those  waves  which  arrive  in  periods  that  correspond  with  the 
.atom's  own  rate  of  oscillation.  It  is  from  a  consideration  of 
this  fact,  and  an  examination  of  the  spectrum  produced  by  the 
intense  combustion  of  some  of  the  metals,  that  the  presence 
of  dark  lines  in  the  solar  spectrum,  and  that  derived  from 
•some  of  the  stars,  is  recognised  as  proving  in  these  bodies  the 
presence  of  some  of  the  metals  and  metalloids  that  form  part 
■of  the  earth. 

Chemical  action  is  another  form  of  motion.  This  is  not 
less  certain  than  that  heat  and  electricity  are  of  this  natm-e. 
As  heat  separates  the  molecules  from  each  other,  and  elec- 
tricity appears  to  tend  to  arrange  them  in  certain  directions, 
«o  chemical  action  would  seem  to  enable  the  atoms  of  various 
kinds  to  combine  or  separate  and  form  compound  or  simple 
atoms.  This  is  done  by  some  part  of  each  pencil  of  rays 
proceeding  from  the  sun,  and  from  other  light-giving  bodies. 
Every  kind  of  chemical  action  is  excited  by  electricity,  and 
there  is  no'  more  effectual  means  of  effecting  decomposition  in 
<lifi&cult  cases,  than  by  passing  a  powerful  electric  current 
through  a  compound  body.  In  this  way  water  is  reduced  to 
its  elements,  and  thus  also  many  other  great  chemical  results 
are  obtained.  So,  also,  all  chemical  action  is  affected  by  heat. 
Generally  the  action  is  thus  rendered  more  energetic,  but  in 
«ome  cases,  as  in  ammonia  and  salts,  it  is  weakened.  Heat 
■developed  involves  some  chemical  action,  and  generally  some 
electric  change.  Chemical  action  involves  the  increment  or 
reduction  of  temperature  in  the  body  affected,  and  every 
change  of  temperature  promotes  or  excites  chemical  action. 

But  heat,  also,  and  mere  heat,  excites  the  ordinary  pheno- 
■mena  of  electricity,  for  when  two  dissimilar  metals  are  made 
to  touch  each  other,  or  are  soldered  together  and  heated  for 
that  purpose,  a  current  of  electricity  flows  through  the  metals 
So,  again,  electricity  produces  motion  by  attraction  and  re- 
pulsion Heat,  as  exhibited  in  the  electric  spark  (which  also 
«hows  abundant  light),  and  in  the  voltaic  arc,  is  more  intense 
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than  is  obtainable  in  any  other  way.  Electricity  producer 
magnetism  by  its  mere  passage  through  iron,  as  is  illustrated) 
every  day  in  the  working  of  the  electric  telegraph.  It  pro- 
duces chemical  affinity,  as  has  been  already  pointed  out. 

We  might  proceed  one  step  further,  and  show  that  vital 
energy,  although  not  yet  produced  either  by  heat  or  electricity 
or  by  any  other  recognised  forms  of  force,  is,  in  fact,'  only 
another  of  these  varied  forms.  Vital  force  is  intimately  con- 
nected with  heat  and  motion,  with  electricity  and  with  chemi- 
cal force  It  produces  and  modifies  all  these  so  completely 
and  readily,  it  produces  heat  so  inevitably,  it  effects  so  much 
chemical  change  in  forming  combinations  of  elements  not 
otherwise  attainable,  and  its  results  are  so  closely  simulated  by 
the  transmission  of  electric  currents  through  the  nerves  when' 
life  has  departed,  that  to  this  is  attributed  the  very  discovery 
of  the  existence  of  galvanism.  In  all  these  matters  it  i& 
difficult  to  say  where  the  relation  lies,  but  equally  impossible 
not  to  feel  that  a  relation  exists.  As,  however,  none  of  the- 
mechanical  forces  have  as  yet  produced  life,  or  renewed  it 
when  extinct,  it  is  not  possible  to  speak  of  this  relation  with- 
the  same  absolute  certainty  as  the  others. 

Thus,  then,  it  appears  that  all  the  forces  of  nature  are  cor- 
relative and,  so  far  as  we  can  tell,  interchangeable.  The  sun 
is  a  centre  of  force,  inasmuch  as  that  body  is  the  centre  of  heat 
to  our  planetary  system,  and  heat  is  motion.  The  heat  or 
motion  derived  from  the  sun,  and  intercepted,  is  never  des- 
troyed, it  is  only  changed  in  its  mode  of  action.  A  part  of  it 
is  converted  into  electrical  and  magnetic  currents  that  circulate 
through  the  earth;  a  part  of  it  results  in  chemical  action  within 
the  earth,  a  part  of  it  is  represented  by  heat  on  the  surface  or 
in  the  interior,  by  motion,  and  by  the  circulation  of  water  ia 
the  atmosphere ;  and  a  large  part,  we  venture  to  suggest,  may 
be  occupied  in  producing  those  infinite  and  varied  phenomena, 
of  life  that  surround  us  everywhere.  But  when  all  this  is  done 
the  farce  is  not  destroyed.  Force  is  absolutely  indestructible, 
and  can  only  be  converted  into  some  other  form.  An  enor- 
mously greater  force  is  needed  to,  produce  molecular  change 
within  the  substance  of  solids  and  liquids  than  to  move  them 
in  mass,  but  the  molecular  change  goes  on  unseen,  and  often- 
(dtogether  unknown,  as  well  as  unfelt.  Thus  there  is  con- 
Bt&ntly  within  the  earth  an  expenditure  of  force,  resulting  in 
natflecular  motion,  that  is  almost  unlimited  in  its  amount  and 
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variety.     By  radiation  the  earth  sends  ofif  into  space  the  < 

«f  motion  communicated,  and  it  also  attracts  every  other  body 

in  fhe  universe  according  to  its  mass  and  distance. 

We  have  pointed  out  at  the  beginning  of  this  chapter  that  a 
Jniowledge  of  the  forces  that  act  upon  matter  is  desirable  to 
enable  the  student  to  comprehend  tiie  nature  of  physical  geo- 
graphy. It  is  only  thus  that  he  can  at  all  enter  into  the  con- 
sideration of  the  peculiar  groups  of  facts  that  make  up  meteor- 
ology, and  those  that  are  most  interesting  in  hydrology.  The 
a,tmosphere  and  all  the  results  of  the  admixture  of  water  with 
it,  and  the  movements  by  which  winds  and  storms  are  produced 
within  it,  can  only  be  understood  by  the  light  of  this  know- 
ledge. The  waters  of  the  ocean  and  their  circulation  are 
■equally  dependant  on  the  laws  we  have  been  tracing.  And  if 
all  the  physical  forces  are,  as  we  have  assumed,  correlative  and 
interchangeable,  we  may  hope  one  day  to  disentangle  the  com- 
{)licated  phenomena  of  electricity,  and  deduce  them  all  as 
J  arts  of  the  great  system  of  motion  a£fecting  matter  everywhere 
and  for  all  time.  Without  this  identity  of  all  forms  of  force 
cthere  could  be  no  such  hope.  It  is  only  by  clearly  under- 
standing the  relation  of  electricity  to  the  other  forms  of  force 
that  the  physical  geographer  can  learn  the  nature  of  those 
'Changes  which  have  brought  the  earth  to  its  present  state,  and 
-that  are  still  active  in  producing  further  change. 

Before  concluding  this  chapter,  we  must  make  special  men- 
tion of  those  polar  forces  generally,  which  we  have  already  re- 
ferred to  under  the  names  of  electricity,  galvanism  and  mag- 
jietism.  The  general  result  of  the  passage  of  currents  of  these 
forces  through  the  earth  would  seem  to  tend  to  the  arrange- 
jnent  of  the  molecules  in  a  direction  nearly  parallel  to  the 
•earth's  axis,  and  strictly  parallel  to  an  assumed  magnetic  axis. 
This  singular  tendency  affects  chiefly  certain  metals,  of  which 
iron  is  by  very  mach  the  most  striking  example.  It  is  illus- 
trated in  the  compass  needle,  whose  important  practical  use  is 
familiar  to  every  one.  In  a  natural  state  sometimes,  though 
irarely,  iron  is  found  so  far  affected  by  the  polar  force  as  to 
arrange  itself,  when  freely  suspended,  in  a  north  and  south 
■direction.  Obtained  artificially,  and  in  a  pure  state,  iron 
readily  becomes  magnetic  by  the  passage  of  a  current  of  elec- 
tricity through  it ;  but  when  the  current  ceases  to  pass  along, 
it  ceases  to  be  magnetic.  Combined  with  a  Httle  carbon,  how- 
ever, and  converted  into  steel,  the  metal  becomes  magnetia 
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with  greater  difficulty  and  more  slowly,  whether  by  contact, 
current,  or  friction,  but  when  once  a  current  has  been  estab- 
lished, it  remains.  Hence  the  various  uses  of  magnets  of  dif- 
ferent kinds,  and  the  advantage  of  using  soft  iron  when  a  cur- 
rent requires  to  be  completed  and  broken  every  instant,  as  in 
the  electric  telegraph,  and  steel  when  the  current  is  required 
to  continue,  as  in  the  compass  needle.  This  peculiarity  is 
very  instructive,  and  suggests  important  conclusions  with  re- 
spect to  the  mode  of  action  of  the  physical  forces. 

Besides  iron,  the  following  metals  are  magnetic,  but  in  a 
much  smaller  degree: — nickel,  cobalt,  manganese,  chromium, 
eerinm,  titanium,  palladium,  platinum,  osmium.  In  certain 
combinations  copper  and  zinc  may  become  magnetic,  though 
in  a  simple  state  they  are  not  so.  In  all  these  metals  the 
molecules  arrange  themselves  parallel  to  the  earth's  axis  when 
exposed  to  the  electric  force,  while,  on  the  other  hand,  the 
atoms  of  all  the  other  elementary  bodies,  when  exposed  in  a 
similar  manner,  place  themselves  at  right  angles  to  the  earth's 
axis  or  equatorially.  Of  bodies  characterised  by  the  latter 
arrangement,  bismuth  is  the  most  remarkable,  and  after  it 
come  phosphorus,  antimony,  zinc,  tin,  cadmium,  sodium, 
mercury,  lead,  sUver,  copper,  gold,  arsenic,  uranium,  rhodium, 
iridium,  tungsten.  All  these  substances  are  said  to  be  dia- 
magnetic  in  contradistinction  to  those  that  are  magnetic.  It 
requires  extremely  powerful  currents  to  render  the  phenomena 
appreciable. 

The  direction  assumed  by  a  magnetised  bar  of  steel  freely 
suspended  above  the  earth  is  not  true  north,  except  when  the 
bar  is  suspended  in  one  of  two  lines  on  the  earth's  surface, 
called  lines  of  no  variation,  one  in  the  eastern  the  other  in 
the  western  hemisphere.  The  western  of  these  lines  at  pre- 
sent passes  in  a  south-easterly  direction  from  the  60th 
parallel  of  north  latitude  west  of  Hudson's  Bay.  It  crosses 
the  American  lakes,  a  part  of  north  America,  and  the  Atlantic 
ocean,  and  cuts  the  meridian  of  Greenwich  at  the  65th  parallel 
of  south  latitude.  The  eastern  line  commences  in  the  60th 
parallel  of  south  latitude,  is  traced  westwards  through  the 
Indian  ocean  towards  Bombay,  thence  runs  eastwards  across 
China,  and  northwards  through  the  Japan  sea,  and  reaches 
the  latitude  of  71"  N.  Thence  it  makes  a  bend  to  the  south 
and  terminates  in  the  White  Sea.  The  position  of  these 
lines,  however,  is  constantly  shifting.     In  the  years  1657  to 
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1662  the  western  line  passed  through  London,  and  therefore- 
at  that  time  the  compass-needle  pointed  true  north.  Before 
that,  the  variation  had  been  to  ihe  east,  and  diminishing. 
Since  then,  till  the  beginning  of  the  present  century,  it  in- 
creased till  the  divergence  amounted  to  i  7°  18'.  It  is  now 
diminishing,  and  is  about  26o.  At  Greenwich,  in  the  year 
1860,  it  amounted  to  26o  20'. 

There  are,  also,  remarkable  and  periodical  variations  in  the 
amoimt  by  which  the  needle  is  deflected,  or  bent  away  from  a 
true  horizontal  position  when  freely  suspended.  The  force  of 
the  earth's  magnetism  determines  this.  This  variation  i» 
smaller  in  amount  than  the  other.  It  has  periods  of  incre- 
ment and  decrement,  and  has  long  been  decreasing.  In  1720,. 
at  Greenwich,  it  amounted  to  14P  42';  in  1820,  70o  3';  and 
in  1860,  68°  32'  There  is  a  daily  and  monthly  change  in 
this  magnetic  intensity.  Thus  the  intensity  is  greatest  ia 
December  and  June,  when  the  earth  is  nearest  to,  or  farthest 
from,  the  sun,  and  least  at  the  equinoxes,  when  the  position 
of  the  earth  is  as  far  removed  as  possible  from  these  extremes. 
The  daily  variation  is  greatest  in  summer  and  least  in  winter,, 
least  when  the  sun  is  near  the  meridian  and  greatest  at  sun- 
rise and  sunset. 

Magnetic  storms  occasionally  occur.  These  consist  in  sud- 
den and  great  derangements  of  the  electrical  currents  that 
pass  through  the  earth.  They  mterfere  with  the  working  of 
electric  telegraph  wires,  especially  when  the  line  is  laid  in 
i-ertain  directions.  The  disturbances  are  often  indicated  in 
the  higher  part  of  the  atmosph^e  by  the  appearance  of  vivid 
flashes  of  light,  called  aurora.  Such  an  appearance  in  th» 
north  is  an  aurora  borealis,  and  in  the  south  aurora  australU, 
There  have  been  cases  in  which  aurorse,  from  the  north  and 
south  poles,  have  met  midway  under  the  equator.  Great  mag- 
netic disturbances  are  usually  accompanied  with,  or  followed 
by,  storms  of  wind  and  severe  hurricanes.  Changes  in  the 
physical  condition  of  the  sun  have  been  observed  to  be  coinci- 
dent with  changes  in  the  magnetic  condition  of  the  earth.  Sudb 
relations  and  results  have  only  lately  been  admitted  as  pos- 
sibly dependent  on  coSmical  causes,  though  long  assumed  to 
be  oo  by  those  ignorant  of  the  principles  of  science. 


CHAPTER  III. 

THE  SUCCESSION  OP  ROCKS. 

To  understand  physical  geography,  it  is  as  necessary  to  hav& 
some  preliminary  acquaintance  with  the  results  of  geological, 
investigation  as  it  is  to  know  what  astronomers  have  deter-i 
mined  concerning  the  earth  in  its  planetary  relations,  and  what 
physicists  have  made  out  concerning  the  nature  and  mode  of: 
action  of  physical  forces  and  motion.  Geology  itself  must  be, 
based  on  a  sufficient  knowledge  of  physical  astronomy  and, 
physical  geography ;  but  some  account  of  the  results  of  enquiry; 
in  this  direction  in  an  introductory  chapter  wiU  be  useful  tO: 
the  general  reader,  reminding  the  student  of  many  important, 
facts  already  learnt,  or  informing  him  concerning  them  if  he 
has  not  yet  entered  on  the  study  of  that  department. 

The  elements  of  all  the  natural  sciences  depend  so  much, 
on  each  other  that  it  is  impossible  to  understand  one  alone* 
Some  general  knowledge  in  the  possession  of  the  reader  has 
been  already  assumed,  but  it  seems  desirable  to  give  a  sketch, 
of  geology  in  a  very  brief  way.  Let  us,  therefore,  now 
address  ourselves  to  learn  the  ascertained  results  of  enquiry 
concerning  rocks  and  their  super-position,  the  succession  ot 
strata,  and  the  changes  that  have  taken  place  ia  ^:ocks  since; 
they  were  first  formed. 

All  these  enquiries  belong  to  geology,  properly  so  called. 
Important  and  highly  interesting  facts,  determined  with  refe-. 
rence  to  the  remains  of  animals  and  vegetables  that  have  once- 
lived  on  the  earth,  and  have  left  indications  of  their  former, 
nature,  form  another  science — PALiEONTOLOGY.  This  is  a  means- 
to  an  end,  so  far  as  pure  geology  is  concerned ;  and  thus  wO; 
postpone  giving  an  account  of  these  results  till  a  future  chap». 
ter  when  we  will  consider  the  succession  of  life,  after  duly  illus^. 
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totting  the  natural  conditions  under  which  life  exists  on  our 
globe. 

I. — Books  and  theib  Super-position. 

The  rocks  that  compose  the  earth's  crust  are  necessarily 
made  up  of  the  minerals  at  the  surface,  either  formed  there  or 
brought  to  the  surface  at  various  times  and  under  various  cir- 
cumstances. These  minerals  are  either  the  elements  already 
spoken  of  or  the  combinations  of  elements  enumerated  in  the 
hst  chapter.  Of  the  large  number  of  known  elements  it  is  a 
fact  well  worthy  of  attention,  that  a  comparatively  small  propor- 
tion are  found  in  the  materials  always  under  our  feet;  while 
on  the  other  hand  some,  both  of  these  and  the  others,  seem  to 
be  universally  distributed  in  nature,  not  only  throughout  all 
the  bodies  of  our  system  but  even  in  the  very  stars  themselves. 
Very  few  of  the  possible  combinations  of  these  elements  are 
found  at  all  in  nature,  and  still  fewer  are  common.  Thus  the 
complication  and  difficulty  that  might  have  been  anticipated 
do  not  exist,  and  a  singular  simplicity  reigns  in  reference  to 
the  minerals  that  make  up  rocks.  It  is,  of  coiuse,  impossible 
even  to  speculate  as  to  whether  this  simplicity  prevails  out  of 
our  own  planet. 

In  almost  all  accounts  of  tne  earth's  structure  there  is  one 
rock  that  is  usually  referred  to  as  fundamental.  It  has  been 
thought  that  this  rock  underlies  all  others ;  that  it  is  always 
80  nearly  the  same  as  to  need  but  a  single  name  ;  that  it  forms 
mountain  crags  and  summits  because  it  has  been  thrust  through 
other  rocks  by  violent  subterranean  action  ;  and  that  if  all  the 
other  rocks  were  removed  this  would  stand  out  boldly  as  a 
skeleton  of  the  earth,  marking  still  where  mountains  stood, 
and  showing,  in  the  depressions  between  the  mountain  ridges, 
the  site  of  esisting  valleys.  This  rock  is  granite.  It  is  a  conve- 
nient name,  but  it  includes  a  number  of  very  dissimilar  things. 
It  also  greatly  helps  to  conceal  an  ignorance  which  will  be  long 
indeed  before  it  is  dissipated.  But  we  must  begin  by  remind- 
ing the  reader  that  granites  are  not  simple  rocks.  They  are, 
■on  the  contrary,  the  most  complicated  of  all.  They  have  been 
formed  probably  at  all  times  and  with  aU  kinds  of  materials, 
and  from  the  debris  of  all  other  rocks.  But  inasmuch  as  the 
elements  composing  all  rocks  are  chiefly  silica,  calcium,  and 
aluminium,  combined  with  oxygen  and  hydrogen,  and  mixed 
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(ap  with  small  proportions  of  a  few  metals  and  metalloids, 
^granites  do  not  show  much  variety  of  ultimate  composition 
teyoud  that  which  belongs  to  a  difference  in  the  proportions  of 
the  iucfi-edients. 

And  since  granite  has  been  formed  under  circumstances  of 
temperature  and  pressure  very  different  from  the  ordinary 
■compounds  which  form  superficial  rooks,  many  crystallizations 
«ad  combinations  have  been  effected  which  are  for  the  most 
part  distinct  and  cha^cteristic.  Granite,  therefore,  though 
really  made  up  of  common  minerals  is  not  like  them.  A  very 
isuiall  difference,  not  only  in  composition,  but  in  the  heat  at 
vhich  the  compound  was  formed,  in  the  pressure  to  which  it 
has  been  exposed,  and  in  the  time  during  which  it  has  been 
•exposed  to  the  influence  of  the  physical  forces  under  certain 
conditions,  is  enough  to  have  produced  great  and  essential 
differences  of  appearance  and  behaviour.  Some  granites  are 
in  large,  some  in  small  crystals :  some  chiefly  consist  of  one 
kind  of  crystals,  some  of  another ;  some  are  of  one  colour, 
-some  of  another ;  some  are  hard,  others  rotten ;  some  beauti- 
ful, others  formless  and  colourless. 

But  not  only  is  there  this  difference  in  granites  from  different 
places.  In  the  same  rock,  as  exhibited  in  one  district,  and 
-even  in  a  small  hill,  it  is  very  seldom  indeed  that  there  are 
not  marked  difference  in  texture,  grain,  colour,  hardness,  and 
uther  properties  within  a  very  few  yards.  In  a  quarry,  where 
the  rock  is  worked  on  a  large  scale,  there  are  only  particular 
parts  (veins,  they  are  called)  that  are  valuable.  The  rest  is 
5^ener^ly  inferior.  It  is  too  hard,  or  too  rotten,  or  has  not 
tlie  right  tint  or  grain.  If  looked  at  carefully,  it  will  be  found 
that  tiiere  are  real  and  manifest  differences.  And  this  is 
aiatural  enough  if  we  regard  the  granite  as  a  re-composed  rock, 
resulting  from  the  alteration  of  certain  limestones,  sandstones, 
and  clays,  exposed  to  an  equable  and  high  temperature  for  a  long 
period.  There  is,  indeed,  no  evidence  whatever  that  granite  or 
any  similar  rock  exists  at  extreme  depths.  It  may  do  so, 
and  perhaps  it  does  ;  but  certainly  the  varieties  it  presents' are 
hardly  consistent  with  the  entire  uniformity  of  the  rock.  Still 
less  do  they  prove  it  to  be  that  which  underUes  all  the  rest. 
They  rather  suggest  that  each  case  in  which  granites  appear 
has  its  own  local  history* 

Granites,  and  the  rocks  so  called,  consist  always  of  a  mass 
of  ciystals,  generally  of  quartz  and  felspar,  with  crystals  of 
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mica,  all  embedded  together  as  iu  a  paste.  The  mica  is  often, 
absent  or  replaced  by  hornblende.  The  felspar  is  of  various 
kinds.  Even  the  quartz  differs.  But  in  a  general  way  there- 
is  in  all  these  rocks  an  excess  of  silica,  and  but  a  small  quan- 
tity of  carbonate  of  lime.  Not  that  carbonates  of  lime  are 
absent,  but  they  are  much  less  abundant  in  granitoid  rocks- 
than  in  some  other  combinations. 

Granites  and  similar  rocks  form  a  definite  group,  and  whether 
always  original  and  early  formed,  or  always  produced  in  recent 
times,  or  belonging  to  all  time,  which  is  most  likely, — whether 
always  simple  or  always  derived,  or  sometimes  one  and  some- 
times the  other, — they  are  much  too  important  to  be  neglected. 
They  are  found  in  most  countries.  They  are  often,  but  not 
always,  prominent ;  and  in  mountain  ranges  they  sometimes 
form  the  high  serrated  ridges  or  mountain  peaks.  They  rarely 
offer  any  appearance  of  true  stratification,  or  alternation  with 
other  rocks,  but  they  often  exhibit  a  rough  kind  of  lamination 
on  a  large  scale,  and  instances  are  not  unknown  in  which 
"ranite  and  other  rocks  succeed  each  other,  and  the  granite  is 
not  the  underlying  material.  All  granites  are  particularly 
liable  to  exhibit  lines  of  fracture,  and  to  contain  fissures  or 
gaps,  which  are  often  of  considerable  magnitude  and  are  of  all 
dimensions.  These  fissures  are  not  unfrequently  filled  up 
with  foreign  materials  crystallized  and  systematically  arranged. 
Such  fissures  are  mineral  veitu.  When  they  contain  metals, 
or  earthy  minerals  containing  metals,  they  are  called  lodes. 
Lodes  in  the  same  district  are  generally  in  sets  or  groups, 
parallel  to  and  at  right  angles  with  one  another ;  and  in  these 
cases  the  different  groups  of  lodes  often  contain  different  metals. 
As  recipients  of  valuable  metalliferous  minerals,  the  fissures  in 
granite  have  been  carefully  studied,  and  their  history  is  to 
some  extent  known  and  recorded  ;  but  there  are  innumerable 
instances  of  fissures  and  narrow  cracks  admirably  systematic 
in  their  arrangement,  but  not  metalliferous.  These,  though 
not  less  instructive,  are  less  profitable,  and  have  therefore  been 
less  accurately  known  and  described. 

Many  varieties  of  granite  are  quarried,  and  their  appearance 
is  thus  rendered  familar.  As  a  building  material,  some  kinds 
■of  granite  are  loo  hard  and  too  costly  in  woikirg  to  come  into 
extensive  use  for  ordinary  purposes.  For  certain  purposes, 
the  better  qualities  have  been  used  from  time  immemorial. 
They   supply  the  material  for  those  constructions  that  are 
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eaeant  to  endure  for  ages,  and  also  for  great  public  works 
where  strength  is  needed  and  expense  of  construction  need 
not  be  considered.  The  great  temples  of  Egypt  have  handed 
down  to  us  detailed  statements  of  the  customs,  peculiarities, 
art,  and  even  history,  of  many  parts  of  northern  Africa  for 
several  thousand  years.  Hieroglyphics  cut  in  granite,  and 
p)reserved  owing  to  the  durability  of  the  material,  communi- 
cate this  information.  The  material  used  is  now  called  por- 
Tphyry  (from  the  colour  of  some  varieties)  or  syenite,  from  Syene, 
the  name  of  the  place  where  are  the  most  remarkable  and  the 
oldest  quarries  in  Upper  Egypt.  Both  are  varieties  of  granite. 
Tn  our  own  time  and  country,  the  quarries  of  Peterhead  near 
Aberdeen,  and  others  in  Cornwall,  have  supplied  granite  of 
extreme  beauty,  and  in  enormous  quantity,  for  bridges,  quays, 
and  other  public  works,  besides  shafts  of  columns  and  polished 
slabs  for  decorative  purposes.  The  quantity  of  the  same  kind 
of  material  used  for  paving  purposes  in  London  alone  amounts 
■to  many  hundreds  of  thousands  of  tons  annually.  Throughotit 
Europe,  but  especially  in  the  central  and  northern  countries, 
rock  of  this  kind  may  be  found  at  intervals,  either  at  the  sur- 
face or  at  a  comparatively  small  distance  below. 

There  is  no  sufiBcient  reason  to  induce  us  to  believe  that 
granite  of  any  kind  has  existed  in  a  state  of  absolute  fusion. 
All  the  appearances  that  favour  this  theory,  such  as  veins  of 
•granite  thrust  out  like  fingers  into  the  interstices  of  other 
rocks,  appearing  sometimes  to  have  affected  them  by  intense 
teat,  are  capable  of  some  other  explanation.  Assuming  gra- 
nite to  be  a  rock  formed  by  chemical  change,  acting  under 
peculiar  conditions  of  temperature  and  pressure  for  a  long 
jeriod,  it  is  not  too  much  to  assume  that  the  kind  of  crystal- 
lisation which  it  presents  to  us  might  not  only  occupy  fissures 
in  the  rocks  adjacent,  but  that  the  walls  of  the  fissures  might 
be  in  some  measure  affected  by  the  work  going  on.  There  is  no 
doubt  that  the  materials  composing  all  varieties  of  granite  have 
been  in  a  state  of  intense  heat,  capable  of  moving  among  them- 
selves, and  under  heavy  pressure  ;  and  this  can  well  be  ac- 
counted for  by  the  natural  increase  of  temperature  observed  to 
■take  place  in  descending  to  any  depth  below  the  surface.  That 
•this  is  due  to  a  burning  nucleus,  there  is  no  proof  whatever. 
■On  the  contrary,  mathematical  investigation  seems  to  provt 
that  the  solid  crust  of  the  earth  must  be  at  least  3,000  miles, 
or  half  the  radius,  in  thickness. 
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Incontestable  proof  of  the  association  of  water  with  granite,, 
and  also  with  most,  if  not  all,  the  crystalline  minerals  occupy- 
ing veins  and  fissures  in  it,  is  afforded  by  a  careful  examina- 
tion of  the  minerals  under  a  powerful  microscope. 

Like  most  crystalline  rocks  and  minerals,  thin  slices  of  gra- 
nitic rock  abound  in  very  minute  bubbles  and  cavities.  These- 
are  so  numerous  as  to  amount  te  millions  in  a  few  solid  inches- 
of  the  mass.  Some  of  them  are  full  of  gas,  but  most  of  them 
contain  water,  either  pure  or  holding  in  solution  more  or  les» 
of  the  salts  of  sodium  and  other  alkaloid  bases.  By  an  ingenious- 
and  laborious  method  of  investigation,  these  blebs  and  their 
contents  are  made  to  reveal  the  circumstances  of  heat  and 
pressure  under  which  the  whole  mass  was  formed. 

There  is  another  class  of  rocks  apparently  formed  with  the- 
agency  of  great  heat,  but  much  nearer  the  surface,  and  in- 
which  the  absence  of  water  in  the  cavities  justifies  the  conclu- 
sion that  they  have  been  melted  near  the  earth's  surface. 
These  include  some  of  the  porphyries  and  the  rocks  calleit 
trap  and  basalt.  They  are  derived  from  and  dependent  en- 
tirely upon  adjacent  volcanoes,  or  openings  by  which  rock- 
melted  by  some  local  cause  of  intense  heat  at  moderate  depth 
below  the  surface  can  reach  the  surface,  and  exercise  there- 
the  effect  due  to  the  amount  of  chemical  action  going  on  below. 
That  basalt  is  an  ancient  lava,  or  rock  poured  out  at  tlie  earth's- 
surface  in  a  melted  state,  instead  of  being  deposited  from, 
water,  there  can  be  no  doubt.  The  two  rocks  agree  in  al) 
important  respects.  They  differ  chiefly  in  the  fact  that  the- 
true  basalts  may  have  lieen  erupted  under  water,  while  those- 
modern  lavas  we  are  able  to  examine  are  sub-aerial.  Most  of 
the  sub-aqueous  lavas  of  the  present  day  are  still  buried  be- 
neath the  waves.  Sometimes,  as  in  the  recent  eruption  of 
Santorin  (January,  1866),  the  lava  poured  out  under  deep- 
water  forms  shoals  and  ultimately  islands,  actually  reaching 
above  the  surface.  But  even  here  the  lava  we  see  is  sub- 
aerial,  not  sub-aqueous. 

In  point  of  super-position,  by  which  is  meant  the  mode  in 
which  rocks  rest  upon  one  another,  there  is  practically  no 
difference  between  those  in  which  great  heat  and  powei-ful 
chemical  action  have  altogether  removed  all  traces  of  merely 
mechanical  origin,  and  those  where  mechanical  origin  is  stilt 
perfectly  manifest.  Basalts  lie  over  the  ordinary  deposits  oi 
the  sea,  or  on  the  water-worn  and  weather-worn  surfaces  of  tiie- 
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land,  and  soon  become  covered  up  by  oi  gradually  pass  into 
other  materia],  which  is  perhaps  for  the  most  part  derived 
from  them,  or  vfhich  may  be  entirely  brought  from  a  distance. 
So  it  is  with  granites  and  such  like  rocks.  But  in  the  case  of 
granites,  they  have  been  formed  at  so  great  a  distance  belo\\ 
the  surface,  as  well  as  at  such  high  temperature,  and  so  slowly, 
that  the  adjacent  rocks  have  almost  always  lost  the  distinctive 
marks  of  their  origin.  Still,  granites  alternate  with  rocks, 
which  not  only  are  not  granites,  but  which  are  to  all  appear- 
ance of  strictly  mechanical  origin. 

Even  when  there  is  no  alternation,  granitic  rocks  are  often 
in  contact  with  compound  rocks  of  the  same  general  nature, 
Imt  altogether  mechanical  in  their  arrangement.  The  crystals 
that  make  up  granite  may  be  arranged  in  beds  or  strata,  so 
that  the  resulting  rock  might  be  called  "  stratified  granite.'' 
Such  masses  need  not  consist  of  the  crystals  of  granite  broken 
up  and  re- cemented.  When  thus  independant  they  are  recog- 
nised by  geologists  under  the  name  of  gneiss.  Such  rock» 
would  seem  to  be  rather  partially-formed  granites  than  granites 
once  formed  and  rearranged.  The  two  rocks  pass  into  one 
another,  veins  of  completely-formed  granite  occasionally  enter- 
ing the  gneiss.  Decomposed  granite  is  a  very  different  rock, 
and  there  is  no  probability  that  it  could  be  converted  into  any 
variety  of  gneiss.  It  is  very  abundant  in  certain  districts. 
and,  like  granite,  it  presents  great  differences  in  appearance. 
Though  sometimes  very  hard  and  tough,  gneiss  does  not  seem 
well  adapted  for  building  purposes. 

From  the  mode  of  its  formation,  it  follows  that  gneiss  is 
more  or  less  stratified.  It  is  often  contorted  and  confused  in 
its  stratification,  but  the  traces  of  mechanical  arrangement  are 
clear.  It  occasionally  alternates  with  granite.  But  much 
more  frequently  it  connects  itself  with  rocks  of  somewhat  more 
clearly-marked  stratification,  in  which  the  granite  element  is 
no  longer  traceable.  These  are  schists — splitting  rocks — often 
more  or  less  clayey  in  appearance,  often  highly  crystalline  in 
texture.  They  vary  greatly  in  different  places.  They  ai-e 
widely  spread,  especially  in  mountain  districts,  and  they  often 
occupy  the  place  which  the  popular  theory  of  the  origin  of 
granite,  if  correct,  would  require  that  rock  to  take.  It  has 
hardly  been  suggested,  however,  that  schists  are  due  to  other 
than  a  mechanical  origin,  although  they  are  often  loaded  with 
crystals  such  as  are  found  iu  the  veins  and  fissures  of  granite. 
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■  They  also  abound  with  systems  of  fissures,  and  these  often 
contain  metals,  though  rai-ely  the  same  as  those  common  in 
granite  fissures  in  the  same  district. 

Schists  pass  into  the  well-known  rock  called  slate  or  cIm/- 
tlate,  but  this  rock,  in  its  most  characteristic  form,  has  the 
peculiar  property  of  splitting  into  films  with  parallel  faces, 
more  or  less  thin  according  to  circumstances,  and  capalile  of 
being  made  use  of  for  various  economical  purposes.  The 
splitting  of  slates  is,  however,  not  due  to  crystalline  structure. 
It  seems  rather  the  result  of  enormous  squeezing  to  which 
some  varieties  of  clay  have  been  exposed  in  the  changes  of 
position  that  have  taken  place  during  the  gradual  elaboration 
of  the  earth's  crust.  Great  squeezing  will  give  to  many  sub- 
stances this  peculiar  arrangement  of  the  parts,  whereas  no 
known  process  of  stratification  or  crystallisation  will  produce 
the  appearance  of  slate  in  any  kind  of  clay.  The  marketable 
qualities  of  slate  occupy  but  a  very  small  part  of  any  extended 
mountain  mass  of  the  rock,  but  this  is  owing  to  local  causes, 
with  which  the  student  of  physical  geography  need  not  trouble 
himself  It  is  enough  to  know  that  slates,  though  not  ex- 
hibiting their  stratification  in  tlieir  splitting  planes,  (planes  of 
cleavage),  almost  always  betray  their  origin  by  an  appearance 
of  bedding.  The  discovery  of  the  bedding  enables  the  geologist 
to  understand  the  position  of  slates  relative  to  other  rocks. 

Generally  speaking,  it  may  be  understood  that  a  group  of 
rocks  consisting  of  granite,  gneiss,  schists  of  various  kinds,  and 
slate,  arranged  more  or  less  accurately  in  that  order,  seems  to 
form  the  basis  of  such  rocks  as  are  presented  for  observation 
at  the  earth's  surface.  All  but  granite  have  certainly  been 
accumulated  by  some  slow  process  of  deposit,  probably  from 
water.  Granite,  itself,  may  probably  have  had  a  similar  origin. 
In  granite,  however,  the  origin,  whatever  it  may  have  been,  is 
now  quite  obliterated  by  a  complete  re -formation  and  re-con- 
struction of  the  mineral  mass,  while  in  the  other  rocks  the  for- 
mation and  construction  are  traceable,  however  obscurely. 
The  various  rocks  also  are  super-imposed,  that  is,  they  are 
heaped  one  on  another  in  a  manner  often  regular,  though 
sometimes  irregular.  They  are  rocks  that  are  not  exactly 
identical  when  compared  from  different  districts,  nor  even  from 
points  a  few  miles  asunder  in  the  same  district,  and  yet  they 
can  be  recognised  conveniently  by  the  same  general  name. 
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They  are,  on  the  whole,  the  lower  rocks,  for  although  they  may, 
doubtless,  be  of  any  age,  they  are  the  lowest  that  appear  in  the 
ili strict  where  they  abound.  If  there  is  anything  older  in 
such  district  it  does  not  appear  in  its  own  form,  but  rather,  as 
■far  as  can  be  traced,  in  some  variety  of  one  of  these. 

Over  such  rocks  as  we  have  described,  there  are  generally 
heaped  masses  of  greater  or  less  extent,  corisisting  of  lime- 
stone, sandstone,  or  clay,  or  some  admixtures  of  these.  Veiy 
often  the  only  rocks  visible  or  traceable  over  areas  of  many 
hundreds  or  thousands  of  square  miles  are  nothing  more  than 
repetitions  of  these  masses.  They  are  not  always  in  the  same 
state,  nor  do  they  extend  uniformly.  Sometimes  they  alter- 
nate with  one  another.  Sometimes  one  prevails  largely, 
almost  to  the  exclusion  of  the  others.  But  these  are  the  ma- 
terials that  cover  the  rocks  already  alluded  to,  and  on  exami- 
nation it  will  be  found  that  they  are  generally  derived  from 
them.  They  are  the  fragments  of  the  granites,  the  schists, 
and  the  slates,  broken  away  by  the  action  of  the  weather  in 
mountain  districts,  ground  down  to  a  fine  powder  by  the  rivers 
or  the  waves  of  the  sea,  sifted,  grouped  and  deposited  by  the 
water  as  it  passes  along  to  the  sea  over  the  earth's  surface,  or 
as  it  moves  along  in  quicker  or  slower  currents  over  the  ocean 
floor.  Sometimes,  indeed,  they  are  mere  accumulations  made 
by  animals,  the  result  of  the  exercise  of  a  power  that  can  select 
certain  solid  substances,  such  as  carbonate  of  lime,  phosphate 
of  lime,  or  silica,  indestructible  after  the  death  of  the  animal. 
Such  are  coral  islands,  certain  kinds  of  mud  at  the  mouths  of 
rivers,  fragments  of  shells  and  bone,  or  beds  of  coal.  Some- 
times they  are  accumulations  of  vegetable  matter,  such  as  beds 
of  coal  and  lignite. 

Thus,  then,  it  will  be  seen  that  silica,  lime,  and  clay,  with  a 
jrr-centage  of  iron  and  other  metals,  of  soda,  potash,  and  other 
alliuline  bases,  and  of  carbon,  which  usually  form  stratified 
rocks,  must,  if  this  statement  be  correct,  be  also  the  substances 
of  which  granite  and  gneiss,  schist  and  slate  are  composed. 
Chemical  analysis  confirms  this  conclusion,  and  we  thus  see 
that  by  the  constant  alternation  of  combination  and  decomposi- 
tion of  a  few  elements  and  minerals  the  whole  crust  of  the 
earth  has  been  built  up.  and  that  the  same  kind  of  work  has 
been  going  on  from  the  first  commencement  of  the  earth's  ex- 
istence as  a  habitable  globe. 
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II. — Order  and  Disturbance  of  Stratification. 

The  stratified  rooks,  whose  history  forms  so  important  a 
part  of  geology  as  to  have  heen  sometimes  almost  confounded' 
with  geology  itself,  are  to  he  found  in  most  parts  of  the  world, 
and  are  due  almost  exclusively  to  the  action  of  water  on  solid 
matter  with  which  it  is  in  contact.  Without  water  there  could 
at  ?ny  rate  be  no  such  strata  as  those  with  which  we  are  fami- 
liar. But  neither  could  these  strata  have  been  available  for 
study  if  there  had  been  no  movements  affecting  some  parts  of 
the  earth's  crust  and  not  the  rest,  and  no  upheavals,  depres- 
sions hnd  other  movements,  bringing  to  the  siirface  what  was- 
oncp  far  down  at  the  bottom  of  the  ocean.  Nor  could  we  have 
had  the  existing  evidence  of  the  earth's  history  if  rocks  had 
not,  from  time  to  time,  been  buried  to  a  depth  of  lens  of  thou- 
sands of  feet,  or  if  strata  once  formed  at  the  surface  had  not 
been  depressed  till  they  were  brought  within  the  influence  of 
causes  only  acting  far  beneath,  out  of  our  sight. 

'  Strata '  is  the  name  given  by  geologists  to  successive  de- 
'  posits  made  by  water,  which  has  conveyed  heavy  material  for  a^ 
certain  distance,  owing  to  its  motive  power,  and  then  left  its- 
load  behind  when  its  motion  became  checked.  Owing  to  the 
constantly  shifting  conditions  of  deposit,  it  is  rarely  the  case 
that  any  great  thickness  of  sand  or  mud  is  accumulated  with- 
out some  interruption,  or  some  cause  of  slight  modification. 
Such  causes  produce  the  usual  phenomena  of  beds,  layers,  or 
strata,  familiar  enough  to  every  one  who  has  examined  recent 
accumulations  of  any  kind.  But  it  must  be  clear  that  the- 
strata  generally  have  been  deposited  horizontally,  or  very 
nearly  so.  No  great  and  continuous  deposits  in  water  can  be 
formed  on  a  steep  slope,  and  the  more  steady  the  heaping,  the- 
larger  the  quantity,  and  the  slower  the  operation,  the  mjre  cer- 
tain is  it  to  result  in  horizontal  layers-  Were  the  strata  now 
in  the  position  in  which  they  were  deposited,  it  is,  therefore, 
clear  that  we  could  know  nothing  of  their  nature  below  the- 
lowest  point  reached  by  artificial  sinkings.  This  would  en- 
tirely prevent  our  drawing  any  conclusions  as  to  the  rocks  of- 
wbich  the  earth's  crust  is  made  up.  But  practically  we  are  en- 
abled, by  crossing  England  from  east  to  west,  to  cross  the 
edges  of  a  series  of  strata  in  our  own  island,  whose  total 
thickness  must  greatly  exceed  the  height  of  the  loftiest  moun. 
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tain  Id  the  world,  although  iu  the  British  islands  there:  is  no> 
point  five  thousand  feet  above  the  sea.  Other  countries  exhi- 
bit more  or  less  favourably  similar  results. 

The  means  by  which  we  are  thus  enabled  to  investigate  what 
has  been  below  the  surface  without  leaving  the  surface,  and 
learn  what  nature  has  done  in  the  deep  recesses  of  the  earth,, 
are  simple  enough.  The  strata  have  been  deposited  generally 
at  moderate  depths,  and  often  close  to  the  contact  of  land  and. 
water.  By  the  agency  of  forces  still  in  action,  apparently  con- 
nected with  earthquakes  and  volcanoes,  parts  of  the  bed  of  the- 
ocean  and  of  the  land  are,  from  time  to  time,  subjected  to  de- 
pression or  elevation,  slow  and  interrupted,  but  continuing  for 
a  long  period,  and  acting  over  a  very  wide  area.  By  these- 
means  what  was  once  a  deposit  becomes  not  only  covered  up 
with  newer  deposits  of  the  same  or  different  kinds,  but  is  car- 
ried gradually  within  the  influence  of  high  temperature,  and  of 
the  currents  of  electricity  and  chemical  action  there  constantly 
and  regularly  at  work.  Still  as  they  are  lowered  to  greater 
depths,  and  come  under  the  increased  pressure  of  fresh  deposits- 
above  them,  they  become  more  and  more  changed,  and  from, 
mere  heaps  of  incoherent  mud,  loaded  with  impurities  and 
foreign  bodies,  they  become  rocks  in  the  ordinary  sense  of  the 
word,  hard,  compact,  and  banded.  We  also  find  that  the  im- 
purities and  foreign  substances  are  often  separated  from  them, 
and  made  to  combine  in  definite  lenticular  masses,  or  in  pa- 
rallel layers.  Such  is  the  first  chapter  in  the  history  of  geolo- 
gical formations.  There  is  an  accumulation  and  a  burial,  and- 
file  buried  mass  acquires  organisation  and  system,  and  a  dis- 
tinctive character. 

When  thus  formed  the  strata  may  remain  covered  up  for 
an  indefinite  period  without  change.  But  the  time  comes 
when  the  reverse  operation  takes  place,  and  the  whole  mass- 
rises.  Then  commence  systematic  fractures  and  irregular 
upheaval.  The  subterranean  force,  whatever  it  be,  and  how- 
ever it  may  act,  is  partial,  though  very  powerful  It  breaks- 
the  strata,  and  lifts  them  up  more  in  one  place  than  another, 
so  that  they  become  tilted  and  faulted  (the  broken  edges-' 
separated).  This  may  take  place  to  any  extent,  even  uiitii 
some  of  the  deposits  are  fairly  overturned,  others  being  left 
vertical,  or  nearly  so.  For  the  most  part,  however,  the  order 
is  correctly  preserved,  but  owing  to  the  inclination  a  number 
of  beds,  originally  overlying  one  another  vertically,  may  now 
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exhibit  their  upturned  edges.  It  must  not,  indeed,  be  sup- 
posed that  these  edges  are  left  exactly  as  they  first  appeared 
above  the  surface.  The  work  of  elevation  has  probably  com- 
■menced  beneath  the  sea,  or  within  the  limits  of  action  of 
irunning  water.  The  elevated  mass,  therefore,  will  have  been 
■exposed  to  the  action  of  powerful  causes  of  change  while  it 
•was  rising  above  the  waves,  and  the  irregularities  and  ridges 
will  be  pared  away,  leaving  a  smooth  surface,  but  still  showing 
a  section  from  the  upper  to  the  lowermost  beds,  and  laying 
•bare  long  series,  each  many  thousands  of  feet  in  thickness. 

There  is  no  definite  order  in  which  the  various  materials 
jire  arranged  in  stratified  rocks.  There  is,  also,  no  exact 
identification  of  the  various  beds  that  are  contemporaneous,  by 
any  mineral  characteristic.  Throughout  a  long  series,  lime- 
■stones,  sandstones  and  clays  succeed  each  other,  each  group 
differently  aifected  by  the  elevating  force,  each  having  some 
peculiarities  of  its  own,  perhaps,  but  still  each  being  only  a 
repetition  of  the  same  materials,  deposited  at  one  time, 
removed  at  another,  and  worked  up  over  and  over  again. 
But  generally  some  small  portion  of  each  is  retained  as  a 
eample,  to  be  handed  down  to  future  time,  and  tell  the  history 
■of  the  succession  of  deposits. 

It  must  not  be  supposed  that  the  deposits  thus  described 
are  always  vague  and  doubtful  in  the  evidence  they  bear  as  to 
■the  state  of  the  world  at  a  former  time.  They  are,  on  the 
contrary,  often  precise  and  definite.  They  contain,  besides 
the  minerals  of  which  they  are  chiefly  composed,  numerous 
proofs  of  the  state  of  life  at  the  time  they  were  formed.  They 
«ven  consist,  sometimes  almost  exclusively,  of  organic  remains, 
■or,  in  other  words,  of  the  constructions  and  solid  framework 
•of  what  were  once  living  beings.  They  are  thus  capable  of 
identification,  and  they  teach  us  the  order  of  succession  in 
different  countries  at  the  same  part  of  the  history.  Nothing 
is  more  remarkable,  nothing  can  be  more  useful,  and  nothing 
can  be  more  accurate  and  definite  than  this  means  of  determin- 
'ing  succession,  and  comparing  succession  in  different  parts  of 
the  world.  It  must  not  be  supposed  that  this  evidence,  strik- 
ing and  prominent  in  some  deposits,  where  it  is  derived  from 
the  presence  of  fossils,  is  less  valuable  in  others,  where  the 
fossils  are  few  and  difficult  to  understand.  Far  down  in  the 
series,  below  many  of  the  slates  and  schists,  and  even 
granites — among  the  most  ancient  of  all  rocks,  if  we  may 
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judge  by  super-position,  there  are  indications  of  life.  The 
kiiid  of  life  is  obscure,  but  the  organised  structure  is  un- 
mistakeable.  Schists,  largely  developed  on  the  banks  of  the 
St.  Lawrence,  in  North  America,  and  thence  called  Laurentian, 
are  of  enormous  antiquity,  and  have  yielded  this  evidence. 
Similar  schists  in  Scotland,  very  far  below  thick  deposit* 
vhich,  till  lately,  were  thought  unfossiliferous,  have  been  found 
to  offer  the  same  evidence.  The  rock  in  which  these  fossils, 
occur  is  almost  a  serpentine ;  it  is  a  magnesian  rock  greatly 
altered.  The  nature  ,of  the  organic  body  is  obscure,  but  it 
offers  nothing  to  justify  the  conclusion  that  the  sea  was  then, 
different,  or  the  land  less  extensive  than  it  is  now. 

And  from  this  old  Laurentian  rock  we  must  rise  through  a 
long  succession  of  deposits  before  we  reach  the  Cambrian  and. 
Cumbrian  grits,  slates  and  schists,  of  our  own  island,  and 
then,  again,  up  through  some  thousands  of  feet  to  the 
Silurian  rocks.  Vast  gaps  indicating  the  lapse  of  long, 
periods  of  time  are  indicated  in  all  that  we  know  of  these 
older  rocks.  They  are  all  much  altered,  their  organic  con- 
tents are  only  here  and  there  to  be  found  and  recognised. 
They  have  generally  been  broken  and  distorted  even  in  the 
countries  where  they  are  most  abundant.  These  gaps  are 
breaks  in  the  geological  succession.  They  become  less 
marked  as  we  reach  the  newer  formations,  made  in  more- 
recent  times;  but  between  some  rocks  of  comparatively 
modern  date  there  are  interruptions  of  a  very  remarkable 
kind. 

It  is  altogether  a  broken  history,  then,  this  account  of  the- 
succession  of  rocks.  But,  fragmentary  as  it  is,  it  contains 
a  clue,  and  the  only  clue  that  exists,  to  the  real  history  of 
creation  on  our  globe.  Some  geologists  believe  that  they 
make  out  a  continuous  history,  showing  life  in  its  first  intro- 
duction in  a  simple  form,  gradually  becoming  more  complex, 
presenting  itself  in  constantly  advancing  types  of  organisation, 
and  culminating  in  man.  We  do  not  advise  the  student  to. 
tie  himself  to  any  such  theory.  The  evidence  in  support  of  it 
is  chiefly  negative,  and  it  would  seem  more  unsatisfactory  than 
it  does  were  it  not  for  the  natural  desire  and  instinct  of  men 
to  discover  a  beginning,  a  middle,  and  an  end,  and  not  rest 
satisfied  with  that  which  the  evidence  really  justifies.  All  we- 
can  suggest  in  the  place  of  this  faith  is  to  hold  back  from 
definite  conclusions  till  the  facts  are  more  abundant,  and  their 
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-connection  with  each  other  more  clear.  But  we  are  here  cois- 
^pideving  the  succession  of  rocks,  and  not  the  succession  of  life, 
and  must  not  be  led  away  by  considerations  that'  belong  to 
another  chapter. 

There  are  three  great  recognised  groups  of  rocks  which 
ihave  been  known  to  geologists,  and  are  familiar  to  geological 
students  They  are  called  palaeozoic,  secondaky,  and  ter- 
tiary. The  name  pal.«!ozoic  is  given,  because  the  group  so 
called  includes  the  oldest  forms  of  life,  it  is  convenient,  and 
not  theoretical.  The  other  names  (occasionally  replaced  by 
MESozoic  and  ciENozorc;  have  the  same  advantage.  They 
have  little  meaning  that  involves  any  theoretical  view.  They 
assume  only  certain  safe  conclusions  from  sufficient  evidence, 
namely,  that  two  important  natural  breaks  in  the  succession 
■took  place,  so  far  as  rocks  are  at  present  known,  and  that  of 
these  the  first  is  represented  by  the  interval  between  palaeozoic 
and  secondary,  and  the  other  that  between  secondary  and 
tertiary.  That  such  natural  breaks  have  sometimes  occurred 
in  every  place  is  only  another  mode  of  saying  that  much  time 
has  often  elapsed,  and  many  events  have  taken  place 
'between  the  deposit  of  two  rocks  that  now  succeed  each  other. 
The  time  is  indicated  by  the  change  in  the  kind  of  animals  or 
plants  whose  remains  are  found  in  the  rocks.  The  events  are 
either  the  result  of  the  wearing  av?ay  of  part  of  the  underlying 
rock  before  the  newer  was  super-imposed,  (indicating  also  a 
lapse  of  time)  or  the  result  of  upheaval,  depression  or  fracture, 
■tilting  and  disturbing  the  older  and  lower  without  affecting 
the  newer  and  upper  rocks. 

Of  the  oldest  group  of  rocks  there  are  many  sub-groups  of 
rgreat  importance.  Many  of  these  probably  represent  a  much 
longer  duration  of  time  in  their  formation;  and  more  geological 
events  than  the  whole  of  the  middle  or  newer  groups,  but  this 
at  present  has  not  enabled  geologists  to  propose  with  any 
certainty  a  fresh  arrangement.  Besides  the  Laurentian,  or 
oldest,  and  the  Cambrian  and  Lower  dlurian  groups — the 
•latter  of  which  admits  of  very  important  subdivisions — the 
Upper  silwian  and  Devonian  rocks  are  distinct,  and  well 
marked,  the  latter  differing  in  its  mode  of  representation,  and 
in  organic  contents,  according  to  local  circumstances.  After 
'this  comes  in  the  great  Carboniferous  system,  commencing 
with  a  vast  and  important  accumulation  of  coralhne  and  shelly 
Jimestone,  and  terminating  with  innumerable  beds  of  mineral 


THE    SDCCESSION    OF   BOCKS.  47 

fuel  widely  spread  over  most  parts  of  the  existing  land.  The 
Permian  rocks  complete  the  palseozoic  series. 

These  grand  subdivisions  present  examples  of  all  the  common 
cocks.  In  the  oldest,  where  they  have  been  longest  exposed 
to  causes  of  change,  limestone  exists,  and  there  are  important 
calcareous  zones  in  the  silurian,  Devonian  and  carboniferous, 
•as  well  as  in  all  the  more  modern  groups.  Limestone,  sand- 
-stone  and  clay,  in  a  state  more  or  less  changed,  and  moie 
or  less  mixed  up  with  vn.-h  other,  occasionally  passing  into 
■distinct  minerals  containing  magnesia  and  iron,  occasionally 
loaded  with  crystalline  minerals  and  metalliferous  ores  in  their 
fissures; — these  are  the  materials  that  make  up  the  older  rocks. 
In  one  part  one  variety  prevails,  in  another,  another.  Here 
we  see  a  thickness  of  thousands  of  yards  of  sandstone  alter- 
nating with  bands  of  coal  and  belts  of  ironstone.  Thousands 
of  yards  below  ai'e  muddy  argillaceous  limestones,  in  whose 
■crevices  lead  ore  is  abundant.  Both  are  underlaid  and  over- 
laid by  an  enormous  thickness  of  shales,  representing  the 
•clays  of  an  early  sea  very  slightly  altered.  Everywhere  sand- 
stones appear,  coarse  conglomerates,  consisting  of  boulders  of 
all  sizes  mized  with  finer  sand,  scarcely  holding  together, 
bard  grits  that  will  rather  break  across  the  pebbles  of  which 
they  are  made  up  than  fall  back  into  the  original  heap  of 
•detritus;  white  sandstones,  pure,  fine,  even-grained  and 
Tegular;  other  sandstones,  yellow,  brown,  or  red:  rough,  ir- 
regular and  coarse ;  and  crystallised  quartz  associated  and 
alternating  with  building-stones  and  flag-stones.  Such  is  the 
succession  of  rocks,  as  made  out  from  an  examination  of  the 
whole  series.  Confused  and  difficult  to  understand  of  them- 
selves, they  fall  into  order  and  arrange  themselves  easily  and 
{)erfectly  with  one  touch  of  the  magic,  wand  held  by  the 
palaeontologist.  Organic  contents  reveal  the  place  in  the 
series  to  which  each  belongs,  and  geology  becomes  definite 
when  it  can  avail  itself  of  the  help  of  the  sister  sciences 
-of  zoology  and  botany. 

Secondary  rocks  are  also  subdivided,  and  they  exhibit  breaks 
less  perfect,  perhaps,  and  involving  a  lapse  of  less  time  than 
•do  those  between  the  different  members  of  the  palseozoic 
firoup,  but  they  are  not,  therefore,  less  easily  studied.  The 
i  icUs.  too,  of  the  secondary  period  are  in  England,  though  not 
Tiiuavs  elsmvhere,  more  in  the  condition  in  which  they  w<!re 
^iepoiiited,  and  more  accessible  than  the  palaeozoic.     Id  them 
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limestones  are  prevalent.  The  clays  are  generally  more  or  iaSi 
oalcareous,  and  even  the  sandstones  are  cemented  by  carbonate 
of  lime.  The  prevalence  of  carbonate  of  lime  during  the 
deposit  of  the  familiar  rocks  of  the  middle  and  newer  part 
of  the  secondary  period  is  remarkable,  and  may  be  called 
characteristic,  so  long  as  England  alone,  or  even  Western 
Europe,  is  examined.  But  this  is  not  so  everywhere.  Per- 
haps the  real  cause  may  be  that  these  rocks  being  newer,  and 
not  having  been  so  depressed  as  to  come  within  the  influence 
of  chemical  action  in  the  deep  recesses  of  the  earth,  they  are 
less  changed  than  the  others.  Where,  as  in  the  Alps,  there 
has  been  sufiBcient  alteration,  and  they  have  fallen  under  the 
same  influence,  the  result  is  so  similar  that  the  slates  and 
sandstones  of  the  later  secondary  can  hardly  be  distinguished 
from  those  of  the  older  period. 

The  chief  subdivisions  of  the  secondary  rocks  include  sand- 
stones at  the  base,  so  closely  resembling  the  newer  Permian 
sandstones  of  the  palseozoic  period,  that  they  are  with  dif- 
ficulty distinguished  from  them.  These  sandstones  abound  ia 
rock  salt.  Over  them  are  bands  of  clay  {lias),  containing  in 
parts  a  large  quantity  of  calcareous  matter,  often  collected 
into  bands,  and  sometimes  passing  into  an  impure  white  lime- 
stone, especially  in  the  middle  part.  Next  above  the  lias  is  a 
remarkable  series  of  limestones  and  clays,  which  are  so  much 
developed  in  England,  and  come  to  the  surface  over  so  large  a 
part  of  our  island,  that  they  have  attracted  great  attention,  iind 
are  very  familiar.  They  do  not,  however,  represent  a  longer 
period  of  time  than  very  much  smaller  dei^osits  of  older  date, 
barely  seen  in  England.  The  Oolitic  senes,  as  these  English 
deposits  are  called,  forms  the  middle  part  of  the  secondary 
group  of  rocks,  and  its  limestones  are  remarkable  for  being, 
collected  into  little  concentric  grains,  like  the  roe  of  a 
fish.  This  construction  of  the  limestone  is  mechanical, 
local,  and  comparatively  unimportant.  Over  the  oolites  are 
sandstones  in  some  parts  of  Europe,  but  in  England  the 
upper  beds  consist  of  a  fresh-water  deposit  on  a  somewhat 
large  scale,  and  as  most  of  the  principal  older  deposits  are  of 
marine  origin,  this  becomes  especially  interesting.  It  is  called 
wealden.  At  the  top  of  all  are  remarkable  deposits  of  a 
peculiar  kind  of  limestone,  fine  grained,  soft,  and  apparently 
little  changed  from  the  original  deposit  of  soft  calcareous  mud. 
But  this  bed — the  chalk — has  its  own  history,  and  the  flints 
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which  abound  in  it  are  peculiar,  and  have  been  elaborated 
since  the  mass  was  accumulated.  i 

There  is  almost  everywhere  a  singular  want  of  connection 
and  mutual  relation,  in  a  geological  sense,  between  the  chalk 
and  any  rock  lying  upon  it.  The  oldest  of  the  overlying  rocks 
seems  to  be  a  limestone,  differing  from  it  but  little,  except 
that  the  latter  and  newer  is  loaded  with  one  kind  of  fossil, 
while  the  chalk  contains  an  equally  abundant  series  of  others 
very  different.  The  rocks  of  the  tertiary  period,  however, 
like  those  of  the  secondary  period,  consist  largely  of  lime- 
stones, and  to  a  less  wide  extent  of  clays,  marls,  and  sand- 
stones. In  the  south  of  Europe,  in  Asia,  in  South  America, 
and  in  some  parts  of  North  America,  these  rocks  are  more 
extensively  developed  at  the  surface  than  any  other.  In  Eng- 
land they  are  comparatively  poor  and  cover  but  little  ground. 
Clays  in  the  neighbourhood  of  and  beneath  London  are  tiie 
chief  representatives  of  the  older  members,  and  shelly  sands 
on  the  coast  of  the  eastern  counties  of  the  newer.  Over  all, — 
distributed  irregularly  not  only  in  England,  but  throughout 
northern  Europe  and  the  northern  part  of  North  America, — is 
a  wide-spread  deposit  of  gi'avel,  sand  and  boulders,  sometimes 
very  thick  and  continuous,  but  often  thin  and  interrupted,  and 
consisting  of  material  removed  from  a  distance,  probably  bjr 
the  action  of  ice. 

Such  is  the  general  succession  of  rocks.  Irregular  accumu- 
lations, each' one  derived  from  some  that  were  older : — continu- 
ous deposits,  more  or  less  broken  or  disturbed : — fragments  of 
rocks,  once  widely  spread ; — such,  in  a  few  words,  is  the  state- 
ment we  have  to  make.  But  through  all  these  runs  a  thread 
that  serves  as  a  never-failing  clue,  for  the  succession  of  rock^ 
connects  itself  with  a  succession  of  life,  and  a  history  is  elabo- 
rated out  of  material  at  first  sight  unpromising.  The  his- 
tory is  complicated,  but  it  is  not  doubtftd.  The  sea,  the  rain, 
and  the  wind — the  ever-acting  causes  that  promote  change  at 
the  earth's  surface — have  always  promoted  similar  change. 
Animals  and  plants  have  always  lived,  and  at  all  times,  as  now, 
they  have  been  perfectly  adapted  to  the  circumstances  of  exist- 
ence. To  understand  the  changes,  and  causes  of  change,  we 
must  study  the  earth  as  it  now  is,  and  as  it  is  daily  modified; 
and  thus  to  understand  geology  and  its  conclusions  aright,  we 
must  learn  physical  geography. 
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The  changes  that  take  place  on  the  earth  are  of  yariooB 
kinds.  The  sun's  heat  and  the  winters  cold,  vegetation  in 
iBome  countries,  and  at  some  times,  and  frost  in  others,  are  all 
powerful.  "Water,  either  as  rain,  river,  or  sea  wave,  is  con- 
stantly tearing  away  and  carrying  along  particles  of  the  rocks 
over  which  it  passes.  These  causes  all  produce  denudation, 
or  laying  bare  the  surface,  and  may  take  place  either  under 
■water  or  at  the  contact  of  water  and  land,  or  on  land  where 
■running  water  is  absent.  There  may  be  denudation  by  the 
sea  or  denudation  by  rivers,  or  there  may  be  subaerial  denu- 
dation. The  relative  value  of  these  as  causes  it  is  not  very 
«asy  to  determine,  but  that  they  have  together  been,  during 
•all  time,  far  more  influential  in  affecting  the  physical  features 
ef  the  earth  than  either  elevation  or  depression,  there  can  be 
little  doubt.  By  elevation  and  subsidence,  rocks  have  been 
gradually  brought  under  or  removed  from  the  influence  of  these 
never-ceasing  powers  of  modiflcauon. 

The  most  striking  phenomena  by  which  the  influences  of 
-denudation  are  recognised  are  valleys  of  erosion,  escarpments, 
and  lake  basins,  all  of  which  we  shall  have  to  consider  in  a 
future  chapter,  as  features  of  the  land.  All  these  have  un- 
doubtedly been  produced,  to  a  very  large  extent  if  not  entirely, 
by  subaerial  causes.  Valleys  have  often  been  commenced  by 
Email  crevices,  the  result  of  local  accident,  and  formed  by  the 
streams  now  running  through  them.  Kain,  also,  entering  the 
strata,  makes  its  way  downwards  and  outwards,  and  much  of  it 
«mei^es  as  springs ;  and  wherever  a  line  of  springs  breaks  out 
there  is  a  falling  away  of  the  rock  above  by  the  constant  re- 
moval of  part  of  the  support  below.  Inland  escarpments  are 
■generally  thus  formed.  Heat,  frost,  and  vegetation,  all  tend 
to  break  up  the  surface  of  rocks,  and  the  broken  fragments  are 
removed  by  subsequent  rain. 

Marine  denudation,  the  efiect  of  sea  waves  on  coast  lines 
«nd  of  occasional  great  sea  waves  in  ploughing  up  and  remov- 
ing the  low  lands  near  the  sea,  is  limited  in  its  extent,  and  is 
«nly  occasional.  The  action  of  streams  in  ploughing  out  for 
themselves  a  channel,  is  no  doubt  on  the  whole  more  conside^ 
Me  and  sometimes  very  marked,  especially  in  certain  parts  of 
the  world.  Sometimes,  however,  it  is  very  slow  and  small, 
«ven  in  some  large  streams.  On  the  whole,  subaerial  denudsr 
tion  must  be  regarded  as  the  most  effective  and  important  cause 
of  change  on  the  earth's  surface. 
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_  Before  concluding  the  present  chapter  and  this  general  out 
line  of  the  facts  of  geology,  a  word  or  two  must  be  said  on  the 
nature  of  those  changes  that  have  taken  place  in  the  texture 
<rf  certain  rocks  which,  being  deposited  as  mud  or  sand,  have 
«ince  become  limestones,  sandstones,  or  clays ;  slates,  schists, 
or  quartzitos;  marbles,  granite,  gneiss  or  basalt;  as  we  find 
them  now  in  the  earth. 

These  are  all  modifications  or  reconstructions  of  the  sam 
elements.  They  can  be  reduced  to  these  elements,  and  wt 
can  trace  the  progi-ess  of  modification  in  separate  instances. 
It  is,  however,  essentia),  that  the  course  of  change  in  rocks 
-should  be  understood,  for  few  things  are  more  unlike  than 
rocks,  and  the  deposits  obtained  from  them  by  the  ordinary  ac- 
tion of  existing  influences.  The  student  should  also  be  able  to 
connect  the  simple  rocks,  as  deposited,  with  resulting  rocks 
formed  out  of  them,  and  this  is  not  always  easy. 

No  sooner  is  a  deposit  left  by  water  than  it  begins  to  change, 
for  it  is  almost  immediately  exposed  to  somefresh  action  offerees 
in  the  earth.  It  begins  to  part  with  some  of  its  moisture  and 
■becomes  drier.  In  drying  it  occupies  a  smaller  space,  and, 
contracting,  it  cracks.  It  is  soon  covered  over  by  fresh  de- 
posits. It  is  made  up  of  various  ingredients,  and  these  induce 
chemical  action  or  currents  of  electricity.  The  whole  is  exposed 
to  such  currents  of  earth-magnetism  as  are  known  to  course 
through  the  earth.  In  some  cases  the  mass  is  gradually  ex- 
posed to  increased  pressure  as  it  sinks  down  below  the  ocean 
floor ;  and  the  sinking  involves  first  a  more  equable,  and  soon 
an  increased  temperature. 

But  it  is  also  by  and  with  water  that  the  change  takes 
place,  for  water  is  eveiywhere  and  at  all  times  circulating 
through  the  earth.  Entering  from  the  surface  and  passing 
down  by  every  crevice  present  in  the  substance  of  every  rock, 
and  always  tending  to  produce  some  alteration,  it  is  impossible 
to  over- estimate  its  importance.  It  is  certainly  by  and  with 
water  that  all  essential  change  must  be  traced ;  but  let  us 
consider  the  principal  varieties  of  rocks,  one  after  another, 
■with  reference  to  this  point.  Some  rocks,  it  is  clear,  will  be 
more,  and  more  easily,  affected  by  others,  and  probably  in  a 
very  different  way.    Thus,  sand  or  pebbles,  with  occasiousl 
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thin  beds  of  marl,  will  be  little  altered,  and  indeed  sm-h  rookSr 
when  found  in  the  earth,  are  often  hardly  changed  from  their 
original  state.  They  are  neither  more  compact  nor  of  different; 
texture.  Sometimes,  no  doubt,  they  are  converted  into  stone,, 
the  sand  particles  being  cemented  by  carbonate  of  lime,  silica,. 
or  oxide  of  iron,  but  these  have  all  been  unmistakably  brought 
in  and  deposited  by  water.  Sometimes,  parts  are  unchanged, 
and  other  parts  converted  into  crystalline  quartz  rock,  but 
there  is  no  mark  of  heat.  Sometimes,  on  the  marly  films  are- 
crystals  of  marl,  occupying  places  once  occupied  by  crystals  of 
salt.  The  marl  has  been  carried  in  by  -water  to  replace  the 
salt  crystals  dissolved  by  water.  Scarcely  any  organic  remains- 
are  preserved  in  such  material  now,  and  there  is  not  much  in- 
dication of  hfe  in  the  older  examples,  but  footprints  of  animals, 
■worm  casts,  &c.,  prove  that  life  was  present.  Crevices  in  sani 
rock  are  filled  up  with  quartz,  certainly  of  water  origin. 

Limestones  are  more  varied  and  richer.  Deposited  as  mud, 
or  coral,  or  shell  sand,  the  particles  are  cemented  by  carbonate- 
of  lime.  Sometimes  the  whole  mass  is  compact  and  crystal- 
line, sometimes  parts  are  crystalline,  sometimes  the  whole  is- 
semi-crystalline.  The  shells  are  changed ;  they  preserve  their 
form ;  they  sometimes  retain  part  of  their  original  structure, 
and  sometimes  they  are  full  of  calc  spar;  or  the  shells  are 
gone,  and  their  place  is  occupied  by  casts,  also  of  carbonate  of 
lime,  or  perhaps  of  iron  oxide.  The  whole  mass  is  uniformly 
tinted  with  iron  oxide ;  or  the  iron  is  collected  into  belts,  and 
these  are  often  rich  enough  to  be  exceedingly  valuable  as  iron 
ore.  The  rich  ores  recently  discovered  and  now  chiefly  used- 
*  in  the  north  of  England  are  of  this  kind.  Any  foreign  sub- 
stances once  mixed  up  with  the  limestone  mud  are  now  collected- 
and  separated  in  veins  or  crevices.  Large  cavities  and  empty 
spaces  are  common  in  the  mass,  and  these  are  filled  partly 
■with  broken  fragments  of  the  same  limestone,  partly  with 
valuable  ores  of  lead  and  zinc.  The  whole  series  of  operations,, 
thus  changing  the  limestone  mud  into  important  limestone^ 
rocKTj  witu,  mineral  veins,  is  the  work  of  currents  of  water. 
Water  has  compacted  the  loose  particles ;  water  has  opened 
large  cavities;  water  has  filled  them  with  quartz  and  other 
crystals  ;  and  water  has  carried  in  the  metals. 

Besides  the  carbonates  of  lime,  we  find  occasionally  mixed 
carbonates  of  lime  and  magnesia  (magnesian  limestone  or  dolo- 
mite),  fonuing  mountain  masses,  and  very  widely  distributed. 
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These  rocks  are  sometimes  cellular,  and  sometimes  veiy  com* 
pact  and  crystalline.  There  can  be  little  doubt  that  they  wen 
originally  deposited  as  carbonates  of  lime,  and  have  since  b»- 
come  changed  by  the  infiltration  of  magnesian  vapours. 

The  case  of  clays  is  not  different.  Very  frequently  retain- 
ing all  their  essential  features  as  aqueous  rocks  : — the  marki 
■of  bedding  still  easily  seen : — the  remains  of  plants,  shells, 
teeth,  and  bones,  still  common: — it  is  not  rare  to  find  some 
of  these  clays  converted  into  shales,  and  it  is  yet  more  usual 
to  find  them  alternating  with  calcareous  or  irony  bands,  as 
.already  alluded  to.  These  are  not  unusually  collected  round 
some  group  of  fossils,  acting  perhaps  as  a  disposing  cause  for 
the  separation.  The  slates  are  yet  more  striking  illustrations 
of  change;  and  in  them  also  occasionally  shells  and  other 
fossils,  little  altered,  indicate  a  water  origin.  Water  currents, 
acting  under  enormous  pressure,  have  so  far  altered  clays 
that  they  have  become  slates.  But  the  veins,  or  cracks  and 
crevices  that  abound  in  slates,  are  filled  with  quartz  in  a  crys- 
talline state.  These  are  often  full  of  holes,  and  within  them 
-sometimes  iron  pyrites,  sometimes  valuable  ores  of  copper, 
make  their  appearance.  But  in  tlie  deposits  of  ore  there  is 
still  no  appearance  that  is  not  more  readily  e^iplained  by  the 
-action  of  water  than  by  fusion.  Currents  of  heated  water  and 
olectric  currents  passing  through  the  earth  in  definite  courses 
would  seem  to  have  been  the  chief  agencies  in  producing  all 
the  transformation  and  metamorphosis  of  the  richest  metalli- 
ferous rocks. 

■  Silicates  of  magnesia,  in  the  very  distinct  forms  of  serpeiv- 
tine,  steatite  and  talc,  are  other  examples  of  rocks,  not  as  they 
were  deposited,  but  as  they  have  been  modified.  Whatever 
may  have  been  their  history,  they  are  certainly  not  merely 
aqueous  or  merely  igneous  in  their  origin,  but  partake  of  a 
mixture  of  both  influences. 

Porphyries  are  rocks  exhibiting  a  peculiar  structure,  briefly 
-described  as  consisting  of  crystals  embedded  in  a  pasty  or 
glassy  mass.  They  are  chiefly  due  to  the  action  of  heat,  and 
they  include  many  of  those  rocks  recently  fused  and  brought 
to  the  surface  during  volcanic  eruptions.  For  the  most  part, 
however,  they  are  greatly  modified,  and  almost  invariably  ex- 
■tibit  the  action  of  steam  or  heated  water  passing  through 
(them. 

When  we  examine   such  rocks  as  granite  and  the  large 
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group  of  compounds  of  which  it  is  tne  type,  we  enter  on  mor» 
doubtful  ground,  and  must  proceed  more  cautiously.  The 
texture  and  appearance  of  granite  are,  it  is  true,  unlike  those 
of  lavas,  ancient  or  modem,  but  mere  external  characters  hare 
not  much  value.  The  microscope,  however,  shows  that  a  very 
large  class  of  rocks,  of  which  granite  is  one,  have  been  formed 
in  contact  with  water,  for  water  in  a  fluid  state  is  actually 
mixed  up  with  them,  and  is  contained  within  the  separate 
crystals  of  which  they  are  constructed.  That  granites,  syeor 
ites,  and  greenstones,  with  the  host  of  rocks  of  the  same  or 
nearly  the  same  general  character,  have  been  formed  with 
water,  there  can  therefore  be  no  doubt;  but  it  is  uncertaia 
what  temperature  has  been  needed  to  produce  them. 

The  reader  may  be  prepared  to  ask  how  it  is  that  chemical 
changes  so  energetic,  transformations  and  replacements  sO' 
complete,  and  metamorphoses  on  a  scale  so  gigantic  are  con- 
■istent  with  the  ordinary  state  of  apparent  tranquillity  of  the- 
interior  of  the  earth.  The  rumblings  of  earthquakes,  though 
not  infrequent,  are  limited  to  very  small  areas  ;  the  eruptions 
of  volcanoes  are  even  more  limited,  and  are  altogether  excep- 
tional phenomena,  occurring  on  a  large  scale  iu  the  same 
district  only  once  or  twice  in  a  century.  But  the  changes  we 
speak  of  must  be  incessant,  and  their  amount  very  largo. 
Their  effects  are  everywhere. 

We  reply  that  the  apparent  repose  of  the  earth  is  not  resL 
The  giant  oak  standing  firmly  rooted  in  the  earth,  and  for  cen- 
turies unmoved  by  the  fiercest  storm,  owes  its  apparent  unir 
formity  of  condition  to  changes  incessantly  going  on  within, 
and  to  ceaseless  currents  of  sap  that  circulate  through  its 
whole  tissue — but  it  only  lives,  and  is  strong,  because  of  the 
continual  change  and  replacement  that  we  call  life.  So,  also, 
our  great  old  globe  itself  has  its  life,  its  fluids  circulating 
throughout,  removing,  replacing,  modifying,  and  renewing 
Everything  in  nature  is  in  perpetual  circulation,  and  water 
passing  everywhere  is  the  circulating  medium.  It  is  the- 
earth's  blood,  preserving  life,  replacing  the  old  and  worn-out 
material  by  new  material,  separating  that  which  has  per- 
formed its  work,  putting  it  in  the  way  of  entering  into  new- 
combinations,  and  enabling  it  to  come  in  once  more  as  a  us»' 
ful  element. 

But  there  is  something  besides,  for  the  word  life  has  a  dif»- 
Cerent  and  a  higher  meaning.     Vitality  requires  not  only  tu 
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droulating  fluid,  but  a  certain  energy,  which  in  the  animal  wa 
connect  with  the  nervous  system.  Those  currents  of  earth- 
magnetism,  obtained  in  some  mysterious  way  from  the  sun, 
and  passing  from  pole  to  pole  of  the  earth,  both  above  and 
within  the  surface : — ^recognised  in  the  air  by  one  kind  of  phe- 
nomena, and  now  well  recognised  in  the  substance  of  the  earth 
by  their  effects  on  the  telegraph  wire ; — those  electric  forces 
induced  by  and  governing  chemical  change,  such  as  the  pas- 
gage  of  currents  of  water  through  different  minerals  cannot 
fail  to  produce;  all  these  are  the  representatives  of  nervous 
energy  in  the  earth,  while  all,  so  far  as  we  know,  are  stiictiv 
Bupet^cial  phenomena.  Lastly,  there  is  vital  heat,  repre- 
sented in  the  earth  also  by  the  higher  and  equable  temperature 
at  moderate  depths. 

Aqueous  action  producing  stratification,  and  metamorphism 
altering  strata,  are  thus  the  great  facts  of  geology.  Every 
fragment  of  limestone,  sandstone,  and  clay,  or  shale,  that 
enters  into  the  composition  of  the  rocks  of  the  earth  has  been 
first  water-formed,  and  is  now  more  or  less  metamorphosed ; 
every  fossil  that  is  foimd  bedded  in  rocks  is  likewise  changed, 
and  shows  metamorphism.  It  is  not  only  the  granites  and 
other  crystalline  rocks  that  have  been  so  much  altered  that 
their  original  texture  and  history  are  lost  sight  of;  but  all 
other  rocks  in  all  countries  tell  the  same  tale.  There  are 
proofs  of  this,  and  illustrations  of  the  mode  of  change  every- 
where, and  the  great  agency  employed  has  certainly,  in  most 
cases,  been  altogether  unconnected  with  heat  and  igneous 
fusion.  The  very  oldest  rocks,  even  those-  lowest  in  the  series, 
all,  by  their  nature,  structure,  and  composition,  presume  the 
existence  of  other  rocks  still  older,  and  all,  without  exception, 
have  been  derived  by  the  aid  of  water  from  the  destruction  of 
some  of  yet  greater  antiquity.  All  rocks,  without  exception, 
have  also  been  acted  upon,  and  greatly  modified  in  external 
appearance  by  the  mechanical  action  of  water  running  over 
the  surface. 

Such  are  the  great  facts  and  results  of  geology,  a  knowledge 
of  which  is  necessary  to  understand  the  full  meaning  and 
enter  into  the  investigations,  of  physical  geography.  The  air, 
earth,  and  water,  and  the  heat  that  helps  to  bring  them  all  into 
an  active  and  living  state,  belong  to  the  earth's  early  history. 
They  are  not  things  of  to-day,  and  they  will  not  cease  to  act 
ia  our  time. 
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It  may  be  thought  by  the  student  of  physical  geography, 
that  in  thus  entering  into  the  field  of  pure  geology,  and  speak- 
ing of  strata  and  of  the  disturbances  of  strata, — still  more 
in  endeavouring  to  explain  the  formation  and  metamorphosis 
of  rocks,  we  are  going  beyond  the  proper  limits  of  our  subject. 
It  is  certainly  difficult  to  draw  a  line  between  sciences  which 
are  so  closely  connected ;  but  as  the  investigations  carried  on 
by  the  physical  geographer  are  really  independent  of  those  of 
the  geologist,  and  should  precede  them ;  and  as,  notwithstand- 
ing the  condition  of  the  earth  at  present  can  only  be  understood 
by  those  who  have  become  acq^u:iiiited  with  the  various  aspects 
in  which  things  of  common  origin  may  be  presented, — it  has 
been  thought  well  to  give  this  brief  account  of  the  suocesaioii 
oi'  rocks,  as  port  of  an  introduction  to  physicid  geogiaphy. 
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CHAPTER  17. 

LAXD. 

Of  the  surface  of  the  earth,  little  more  than  one-fourth  part, 
(about  52  millions  of  square  miles),*  rises  above  the  unifornr 
level  of  the  water,  and  forms  the  land.  The  rest  (145  millions 
square  miles)  is  covered  to  a  variable  but  nowhere  very  con- 
siderable depth  by  water.  The  surface,  both  the  part  covered 
by  and  the  part  rising  above  the  water,  is  irregular  in  its  form 
and  extension,  both  horizontal  and  vertical.  This  irregularity 
extends  to  every  detail ;  and  as  it  cannot  be  regarded  as  essen- 
tial, being  rather  an  accident  of  the  present  time  than  anything 
more  permanent  and  liable  to  change  by  the  action  of  various 
causes;  and  as,  moreover,  the  exact  physical  configuration  of 
the  globe  influences,  to  a  very  great  degree,  the  conditions  of 
all  living  things  upon  it,  the  subject  is  one  of  no  small  impor- 
tance. When  we  investigate  the  structure  of  the  rocks  that 
make  up  the  present  land,  and  discover  that  almost  all  have 
been  formed  under  water  and  with  water ;  that  all  have  been 
exposed  to  great  changes  in  the  interior  of  the  earth,  involving 
asubsidence  from  time  to  time  far  below  the  present  water  level ; 
— it  is  clear  that  in  time  to  come  it  may  happen,  as  in  times  past 
it  has  happened,  that  what  is  now  land  may  sink  down  and  the 
presieut  sea  bottom  may  be  raised  into  land ;  so  that  what  is 
now  continent  may  become  a  group  of  islands,  or  be  buried 
entirely  beneath  the  waves.     On  the  other  hand,  other  conti- 

*  In  this  chapter,  and  througbout  the  Tolume,  it  has  been  thought 
Advisable  to  give  the  measurements  in  British  statute  miles,  and  not  ia 
geographical  miles  of  sixty  to  a  degree.  The  British  statute  mile  con- 
tains 1,760  yards,  or  5,280  feet.  The  geographical  mile  contains  6,08S 
feet  9  inches,  nearly. 
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nents  or  islands  may  rise  up  from  the  lowest  depths  of  the 
largest  oceans  to  replace  those  that  are  lost.  In  a  work  de- 
voted to  physical  geography  it  is  the  configuration  of  to-day, 
and  not  that  of  an  earlier  period  of  the  earth's  history,  that  we 
have  to  consider;  but  it  is  impossible  to  understand  this  without 
looking  somewhat  widely  at  the  history  of  the  earth's  crust. 
This  requisite  outline  will  be  found  in  the  preliminary  chapter 
ou  the  succession  of  rocks. 

The  land  is  collected  into  three  compact  masses,  and^a 
number  of  smaller  disconnected  groups.  The  former  are 
<-()iitinents,  the  latter  islands.  One  of  the  compact  masses, 
tliat  which  includes  the  continents  of  the  old  world,  Europe, 
Asia,  and  Africa,  is  much  the  largest ;  the  next  in  dimension^ 
including  North  and  South  America,  is  also  very  large,  but  differs 
from  the  greater  continent  in  almost  all  respects  ;*  the  third, 
Ausu-alia,  is  not  only  very  much  smaller,  but  again  different 
from  either.  Of  the  islands  the  same  may  be  said.  They 
iiie  of  all  dimensions,  some  having  a  surface  of  many  thousand 
square  miles  and  others  being  mere  poiuts  of  bare  rock.  They 
are  grouped  in  all  conceivable  ways  ; — they  attain  all  possibte 
elevations  :  they  are  constructed  of  all  varieties  of  materiaL 
So  again  with  regard  to  position.  A  large  part  of  the  land  is 
grouped  within  one  hemisphere,  so  tliat  not  more  than  one 
twenty-seventh  part  has  land  opposed  to  it  in  the  opposite 
hemisphere.  Thus,  if  a  person  stationed  vertically  over  the 
(own  of  Falmnnth.  in  England,  could  see  half  the  globe,  he 
would  see  more  than  46  out  of  the  6U  millions  of  square  milos 
of  land,  or  about  an  equal  surface  of  land  and  water.  If,  ho» 
^ver,  he  were  perched  equally  high  above  New  Zealand,  ho 
would  see  93}  millions  of  square  miles  of  water,  and  less  than. 
live  millions  of  square  mUes  of  land.  The  centre  of  a  land 
hemisphere  is  thus  nearly  opposite  the  centre  of  a  water  he- 
misphere, the  meaning  of  which  is  that  the  earth  is  of  irregu- 
lar form,  bulging  out  in  the  former  and  flattened  or  recedmg 
iu  the  latter. 

*  Yarious  researcheB,  made  in  search  of  s  north-west  passage,  tenni> 
tiated  in  the  successful  though  disastrous  expedition  of  Sir  John  Frank- 
Jin,  and  the  subsequent  discovery  of  fragments  of  his  ships.  It  thus 
became  clear  that  there  exists  an  open  water  passage,  occasionally  closed 
by  ice,  between  north-eastern  Asia  and  north-western  America,  connect- 
ing the  Atlantic  with  the  Pacific  Oceans.  It  is  supposed  that  them 
<uay  be  open  water  near  the  North  Pole. 
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The  following  general  statement  of  figures  in  reference  to 
this  subject  may  be  useful  to  the  reader.  The  figures  repre- 
sent millions  of  square  miles. 
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Total  area  of  water   .     .     .     .145 
Do.         land  .  .     52 

Water  north  of  the  equator  .  59 

Land  do.  .  .  39 

Water  south  of  the  equator  .  86 

Land  do.  .  .  13 

Total  area  of  Asia     .     .  .     18 

Do.         Europe      ...       3J  }■      S3  J 
Do.         Africa  ....     12 

Total  area  of  North  America  .       8 
Do.  South  America    .       7 

Total  area  of  Australia  and 

islands 8} 

It  will  be  observed,  that  the  hemisphere  containing  the 
greatest  amount  of  land  is  not  strictly  the  northern  hemisphere, 
nor  can  it  be  said  to  have  any  reference  to  east  or  west 
Neither  is  it  central  with  regard  to  the  principal  masses  of 
land.  It  includes  a  large  part  of  the  Atlantic  Ocean  ;  and  as 
that  ocean  is  shallower  than  the  Pacific,  the  protuberance  of 
solid  matter  in  one  direction  is  even  more  marked  than  might 
at  first  appear.  If  we  could  see  the  solid  surface  of  the  eaith 
deprived  of  its  watery  covering,  the  irregularity  in  form  pro- 
duced by  this  protuberance  would  be  very  marked.  It  is  con- 
nected also  with  the  earth's  history ;  for  all  these  portions 
now  protuberant  have,  beyond  all  doubt,  been  buried  beneatli 
the  sea  for  ages,  before  being  thrust  out  in  the  manner  we 
now  see  ;  and  we  cannot  tell  how  far  or  how  long  the  present 
bottom  of  the  sea  has  been  exposed  to  the  air,  since  we  have 
no  means  of  examining  its  geological  structure.  Certainly, 
the  lands  not  belonging  to  the  great  protuberance  seem  to 
have  been  less  exposed  to  frequent  elevation  and  depression 
than  those  of  the  other  parts  of  the  earth. 

An  ingenious  attempt  has  been  made  to  solve  this  problem 
of  the  arrangement  of  the  land  and  water,  by  supposing  the 
specific  gravity  of  the  rocks  in  the  water  hemisphere  to  be 
greater  than  in  the  other.     This  is  assumed  to  be  due  to  the 
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presence  of  a  much  larger  quantity  of  metalliferous  and  other 
"hcHvy  mineral  in  those  districts,  and  to  a  more  cavernous  and 
0[ien  structure  in  the  rest,  and  to  the  greater  abundance  of 
light  minerals.  Mr.  James  Yates  has  imagined  that  the  centre 
-of  gravity  of  the  earth  is  not  coincident  with  the  centre  of 
magnitude  without  the  protuberance  of  land  on  one  side.  And 
he  concludes,  that  the  inequality  of  land  above  the  water  in 
two  opposite  hemispheres  is  a  permanent  phenomenon,  and 
"h«s  been  connected  with  the  earth's  adaptation  to  life  from  the 
begiiniing.* 

By  the  protuberance  of  the  land  the  oceans  are  determined, 
for  they  being  water,  cover  those  portions  of  the  general  sup- 
face  which  are  below  a  certain  level,  or  within  a  certain  dis- 
tance from  the  earth's  centre.  It  has  been  estimated  that 
the  elevations  of  the  land  are  parallelled  in  some  measure  by 
the  depressions  in  the  sea  ;  and  that  as  the  loftiest  mountains 
are  for  the  most  part  situated  within  the  larger  tracts  of  land, 
so  the  greatest  depths  are  in  the  larger  and  more  open  oceans. 
At  any  rate,  the  actual  elevations  and  depressions  are  very 
small  indeed  compared  with  the  earth's  radius.  If  we  esti- 
mate the  total  distance,  from  the  lowest  depths  of  the  ocean 
to  the  summit  of  the  highest  peak  of  land  at  14  miles,  and 
this  is  probably  beyond  the  truth,  the  ratio  of  this  to  the 
earth's  radius — about  4,000  miles — is  a  little  more  than  one 
three-hundredth  part.  On  a  globe  of  the  largest  size  (36  in. 
diameter)  this  would  correspond  to  a  thickness  of  less  than 
one-sixteenth  of  an  inch.  The  depressions  and  elevations 
are  also  small  compared  with  the  distances  between  them. 
From  the  highest  point  in  the  Andes  to  the  deepest  parts  of 
the  Pacific,  there  cannot  be  a  less  horizontal  distance  than 
1,000  miles.  From  the  lofty  Himalayas  to  the  Indian  Ocean 
there  is  a  much  greater  distance.  The  average  slope  cannot, 
therefore,  amount  to  one  foot  in  a  hundred  ;  so  that  in  fact, 
on  a  large  scale,  there  is  no  considerable  average  slope  on  any 
part  of  the  surface.  This,  of  course,  does  not  prevent  the 
■existence  of  precipitous  cliffs  and  steep  mountain  sides,  either 
on  land  or  beneath  the  sea. 

Although  the  vertical  irregularities  of  the  land  are  small 
compared  with  the  dimensions  of  the  globe,  we  must  not  conceal 
the  fact  that  they  are  locally  great  and  are  of  infinite  impor- 
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tance  in  modifying  climate.  In  reference  to  the  first  point,  it 
must  be  remembered  that  the  surface  of  the  solid  earth,  whether 
above  or  below  the  water,  does  not  consist  of  even  and  regular 
elopes.  There  are  large  districts  or  belts  of  extremely  elevated 
land,  and  large  troughs  greatly  depressed.  There  are  extern 
sive  plateaux  or  plains,  at  great  elevation,  and  others  at  a  lower 
elevation, — there  are  terraces  very  near  the  sea  level,  some 
at  a  moderate  depth,  and  others  at  great  depth  beneath  the 
sea.  There  are  steep  abrupt  cliffs,  both  within  the  land,  at 
the  border  of  land  and  ocean,  and  separating  submarine  ter- 
races. There  are  deep  abrupt  gorges  and  ravines  at  all  levels, 
and  the  mountain  chains  with  these  deep  gorges  are  not  all  lofty, 
nor  are  they  all  even  dry  land.  Such  phenomena  belong  to 
the  earth's  form,  and  are  essential  to  it.  And  there  are  very 
wide  depressions  or  valleys,  also  at  various  levels,  and  quite 
unlike  the  deep  ravines.  All  these  form  what  geographers 
call  "  the  physical  features  of  the  earth :"  they  belong  to  it 
now,  and  they  are  connected  with  its  history. 

The  form  of  the  land,  and  the  relative  quantity  of  the  land 
above  the  sea,  ai-e  evidently  independent  of  the  absolute 
quantity  of  water  in  the  ocean ;  but  the  land,  as  seen,  and 
as  the  habitation  of  land  animals  and  plants,  is  dependent  on 
its  extent,  on  its  position  and  on  its  elevation,  for  it  is  strictly 
limited  by  the  line  of  contact  of  the  water.  Its  form  and 
content  consist  of  the  area  contained  above  this  line,  whether 
above  the  sea  level  or  not.  It  is  liable  to  change,  according 
to  various  circumstances,  and  to  a  very  large  extent.  Thus, 
if  we  could  imagine  the  great  mountains  of  the  earth  to  be 
pared  away,  and  thrown  into  the  ocean,  the  water  would  rise 
above  its  present  level  in  proportion  to  the  mass  thrown  in. 
It  would  spread  over  the  low  lands  and  thus  diminish  the 
area  of  the  land,  and  as  the  quantity  of  land  is  not  large,  this 
might  go  on  till  no  land  was  left.  On  the  contrary,  if  the 
mountain  chains  of  the  earth  were  greatly  elevated,  and  the 
low  plains  lifted  up  to  become  lofty  plateaux,  the  spaces 
formerly  occupied  by  this  solid  matter  must  be  occupied  by 
water,  and  the  level  of  the  water  would  sink,  laying  bare  and 
converting  into  land  shallows  and  banks  now  near  the  surface, 
and  belonging  to  the  region  of  ocean. 

It  is  important  to  bear  in  mind  these  hypothetical,  but  very 
possible,  changes,  if  we  would  understand  clearly  the  physical 
condition  of  our  globe. 
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The  line  of  coast  by  which  sea  and  land  are  limited  is  a 
physical  fact  of  very  considerable  interest.  A  flowing  and 
continuous  line,  little  broken  by  inlets,  bays,  gulfs,  and  inland 
teas,  is  eminently  ill  adapted  for  that  water  communication 
that  is  most  valuable  for  commerce.  Thus  lands,  whose 
shores  are  little  broken,  are  almost  inevitably  reduced  to 
depend  on  their  own  productions,  and  may  not  hope  to  enjoy 
important  traffic  with  the  rest  of  the  world.  So,  again,  oceans 
with  such  coasts  are  not  the  seas  where  commerce  is  most 
active,  for  the  absence  of  good  harbours  greatly  interferes  with 
traffic,  and  prevents  a  country  from  having  much  commerce 
or  intercourse  with  foreign  nations. 

We  have  described  the  land  as  grouped  into  continents  and 
islands — the  connected  and  the  disconnected  lands.  This 
division  supposes  land  to  be  made  up  of  the  lofty  and  tbe  low, 
of  broken  and  level  portions  connected  together,  the  low-level 
plains  occupying  the  inter-spaces  between  the  high  plains  and 
mountain  peaks.  And  it  is  evident  that  every  extensive  tract 
is  so  made  up,  and  that  it  is  only  exceptionally  that  even 
small  islands  do  not  exhibit  something  of  this  irregular 
surface.  Thus  islands  are  only  portions  of  submerged  con- 
tinents, and  the  continents  are  only  portions  of  the  sea  bottom 
elevated  above  the  sea  with  the  peaks  and  ridges.  Generally 
we  shall  find  that  peaks  and  ridges  lay  bare  metamorphosed 
rocks,  while  the  plateaux  and  low  plains  present  strata  of 
deposition.  There  is  much  mutual  relation,  and  the  geogra- 
phical terms  are  duly  appreciated  only  when  their  geological 
meaning  is  understood. 

The  lands  on  the  earth  are  differen  tly  grouped.  The  great 
continent  ranges  from  north-east  to  south-west.  It  hangs 
round  the  arctic  circle,  and  is  almost  connected  by  land 
with  the  northern  extremity  of  the  American  continent.  It 
cost  many  a  valuable  life,  and  required  the  energetic  efforts 
of  the  bravest  and  boldest  seamen  for  half  a  century  to  dis- 
cover the  fact,  that  there  is  a  water  channel  between  them. 
From  east  to  west,  with  a  variable  breadth  which  reaches  to 
140O  of  longitude,  and  with  an  area  of  33J  millions  of  square 
miles,  an  almost  compact  mass  of  land  extends  to  about  tbe 
20th  parallel  of  north  ktitude,  and  thence  dies  away  towards 
the  south.  This  mass  is  fringed  with  islands  on  the  east, 
west,  and  south.  But  though  not  improperly  described  as 
compact  in  the  absence  of  any  great  body  of  ocean  reaching  the 
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interior  and  central  part  of  this  land,  there  are  yet  on  all  sides 
many  large,  and  innumerable  smaller,  breaks  and  iniets.  The 
whole,  also,  exhibits  certain  pecuharities  of  form  that  seem  to 
be  significant.  Thus  the  pyramidal  termination  towards  the 
south  of  all  parts  of  this  land  is  remarkable.  The  great 
continent  takes  the  form  of  a  huge  hand  stretching  with  open 
fingers  towards  the  south.  This  is  seen,  on  a  large  scale,  in 
the  form  of  Africa,  India,  Arabia,  Malacca,  China,  and  Kam- 
tchatka.  On  a  smaller  scale,  and  in  detail,  it  is  recognised  in 
the  peninsulas  of  Scandinavia,  of  Spain,  of  Italy,  and  of  Greece. 
And  this  form  is  not  confined  to  the  great  continent.  It  pre- 
vails also  in  America.  Both  the  great  divisions  of  America 
exhibit  it  in  their  general  configuration.  The  northern  divi- 
sion of  the  American  continent  shows  it  more  strikingly  ini 
detail  than  the  southern.  Greenland  and  the  extremity  of 
Russian  America,  California,  and  Florida,  are  all  striking 
examples.  The  American  difiers  from  the  great  continent 
by  the  principal  direction  or  axis  of  its  lands.  This  axis  is 
north  and  south,  or  more  strictly  NNW.  to  SSE.  The  length 
in  this  direction  is  nearly  that  of  the  great  continent  from 
east  to  west,  but  its  width  is  small,  in  few  places  exceedmg 
one-fifth  of  the  length.  The  length  may  be  stated,  in  general 
terms,  as  about  10,000  miles 

The  difference  between  the  two  masses  of  land  in  respect 
of  the  direction  of  extension  is  not  more  striking  than  it  is 
influential.  It  affects  everything — climate  above  all.  It 
affects  the  movements  of  the  waters  of  the  ocean,  and  modi- 
fies the  winds  that  blow  over  the  whole  surface  of  the  earth. 
It  is  one  of  the  great  facts  in  nature,  and  above  all  it  must 
be  remembered,  that  though  existing  now,  there  is  no  reason 
to  suppose  that  it  has  always  existed,  or  will  continue.  Con- 
nected vrith  it  are  the  different  directions  of  the  mountain 
chains,  the  nature  and  extension  of  the  rivers,  and  the  details 
of  the  form  of  the  coast. 

We  must  now  consider  the  details  of  the  coast  lines.  The 
great  continent  is  subdivided  into  three  parts — Europe,  Asia, 
and  Africa.  Of  these  Europe  and  Asia  are  so  naturally  con- 
nected that  the  division  is  arbitrary  and  poUtical  rather  than 
geographical  and  physical.  Still,  as  it  has  been  the  universal 
custom  of  civilized  man  for  all  ages  to  consider  Europe  as 
iistinct  from  Asia,  we  must  bow  to  this  decision,  and  describe 
ihem  separately,  so  far  as  that  is  possible.     Of  the  two,  Europe 
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is  very  rouch  the  smaller,  but  has  been  for  many  centuries  the 
part  of  the  worlil  where  man  has  most  completely  subjugated 
nature.  In  earlier  times  a  comer  of  Africa,  and  still  earlier, 
and  for  a  long  period,  Asia  was  pre-eminent  in  this  respect. 
It  is  hard  to  say  where  civilisation  began. 

Of  all  the  continents  (using  the  term  in  its  limited  and 
popular  sense  as  convenient  divisions  of  the  great  con- 
tinent) Europe  has  the  most  varied  outline.  Its  principal 
mass,  which  contains  about  3|  millions  of  square  miles,  has 
a  coast  outline  of  not  less  than  20,000  miles.  The  same 
area  might  be  contained  within  a  circuit  of  less  than  6,000 
miles.  For  every  187  square  miles  of  surface  it  has  a  mile  of 
coast,  and  in  this  it  will  be  seen  to  contrast  remarkably  with 
other  lands.  Its  principal  mass  is  deeply  intersected  in  the 
north  hy  numerous  inlets  from  the  Arctic  Ocean,  and  on  the 
west  by  the  Baltic  Sea  and  the  Bay  of  Bi&eay,  in  addition  to 
numerous  small  inlets.  Its  Mediterrauean  coast  is  still  more 
■complicated,  and  peninsulas  and  nearly  detached  promon- 
tories there  repeat,  almost  to  infinity,  the  phenomena  of 
articulation  and  indentation  of  the  coast,  so  characteristic  of 
the  whole  continent. 

Asia,  regarded  as  a  division  of  the  land,  is  an  extension  of 
Europe  to  the  east,  and,  like  Europe,  is  washed  by  the  ocean 
on  three  sides  only.  The  northern  coast  is  much  indented, 
but  not  by  large  and  important  gulfs  and  inlets.  On  the 
•eastern  and  southern  coasts  there  are  peninsulas  and  pro- 
montories on  the  grandest  scale.  From  Kamtchatka  round  the 
whole  coast  to  Arabia  there  is  a  succession  of  these,  including 
amongst  them  India,  Malacca,  and  Cochin  China.  In  spite, 
however,  of  the  great  magnitude  of  these  indentations,  and 
the  number  of  smaller  inlets  that  it  would  be  tedious  to 
mention,  there  is  yet  an  enormous  preponderance  of  land  far 
removed  from  the  sea.  With  an  area  of  19  millions  of  square 
miles  there  are  36,000  miles  of  coast,  averaging  one  mile  of 
coast  to  528  square  miles  of  surface,  or  only  one-thiid  as 
much  as  in  the  case  of  Europe.  Regarding  Asia  and  Europe 
as  one  tract  of  land,  we  have  au  area  of  nearly  23  millions  of 
square  miles,  and  a  length  of  coast  of  56,000  miles,  or  one  mile 
«f  coast  to  410  square  miles  of  area. 

Africa  is  remarkable  for  the  simplicity  of  its  outline  and  the 
absence  of  deep  indentations  in  its  coast.  Surrounded  by  the 
eea,  except  at  the  very  narrow  isthmus  of  Suez,  it  is  almost 
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-without  a  peninsula  or  inlet  of  any  kind.  Its  area  is  nearly 
twelve  millions  of  square  miles,  but  it  has  only  about  16,250 
miles  of  coast,  or  738  square  miles  of  surface  for  each  mile  of 
•coast.  This  proportion  well  represents  the  peculiar  and  hope- 
less condition  of  Africa  in  reference  to  that  inter-eommunica- 
■tion  with  other  countries,  which  most  surely  and  rapidly 
ensures  civilisation  and  the  general  improvement  of  the 
human  race.  We  shall  see  hereafter  that  in  regard  to  in- 
ternal communication  the  old  continents  exist  under  similar 
conditions — those  in  which  communication  is  easiest  being 
precisely  those  in  which  civilisation  has  made  most  rapid 
iprogress. 

Comparing  the  old  world  with  the  new,  the  great  continent 
with  the  two  Americas,  we  find  that  each  of  the  divisions  of 
the  new  world  is  superior  in  length  of  coast  line  to  Asia, 
though  inferior  to  Europe.  North  America,  with  an  area  of 
nearly  7  J  millions  of  square  miles,  has  a  shore  line  of  28,000 
miles,  or  an  average  of  one  mile  of  coast  to  266  square  miles  of 
area.  South  America,  with  a  somewhat  smaller  area,  (about 
seven  millions  of  square  miles)  has  less  than  16,000  miles  of 
shore  line,  or  an  average  of  one  mile  of  coast  to  440  square 
miles  of  area.  The  two  divisions  together,  with  14  J  millions 
«f  square  miles,  have  a  shore  line  of  44,000  miles,  or  one  mile 
of  coast  to  every  330  square  miles.  Lastly,  in  Australia  we 
have  a  territory  of  about  three  millions  of  square  miles,  with  a 
ooast  line  of  about  8,800  mQes,  being  one  mile  of  coast  to 
every  340  square  miles  of  country. 

The  general  nature  of  the  lands  whose  coasts  are  thus 
characterised  may  now  be  discussed,  with  the  preliminary 
remark,  that  a  broken  line  of  coast  is  more  usually  rocky  and 
bold  than  one  where  the  indentations  are  few  and  small. 
Within  a  certain  distance  of  most  shores  there  is  some  cliff 
or  rapid  elevation,  varying  according  to  the  nature  of  the  soil 
and  rock,  and  the  action  of  the  sea  upon  it ;  but  the  most 
remarkable  Qords  and  inlets  are  to  be  found  where  the  line  of 
coast  is  longest  in  proportion  to  the  area.  Steep,  lofty,  and 
irregular  cliffs  frown  upon  the  sea  along  the  western  shores  of 
Europe,  and  a  large  part  of  the  Mediterranean.  Similar 
cliffs  are  seen  elsewhere,  where  the  coast  line  is  greatly  ex-" 
tended.  Within  the  crevices  and  interspaces  of  tiiese  cliffs 
ue   found   sheltered    harbours,  well   adapted  for  shipping. 
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and  in  the  lands  thus  surrounded  and  defended  are  the  chic^f 
marts  of  commerce. 

The  land  of  the  northern  part  of  the  great  continent  in- 
cludes all  varieties  of  surface.  A  central  axis  runs  through 
the  whole,  from  the  Atlantic  to  the  Pacific,  and  the  greater 
part  of  this  axis  consists  of  ridges  of  mountain  land,  more  or 
less  lofty.  In  parts  the  mountains  form  parallel  or  divergent 
ranges,  separated  by  very  wide  intervals  of  lofty  plains.  Such 
plains  are  found  in  the  Iberian  peninsula  in  Europe,  and  in; 
the  vast  plains  north  of  the  Himalayan  chain  in  Asia.  Else- 
where we  find  broken,  picturesque,  and  hilly  country,  not. 
much  connected  with,  or  dependent  on,  the  mountains,  but 
greatly  affecting  the  physical  features  of  the  country.  Among: 
the  plains  are  the  steppes  of  western  and  northern  Asia, 
the  great  plains  of  Bussia,  and  the  numerous  plains  of  mode 
rate  elevation  in  northern  Europe.  Connected  with  them- 
are  lower  plains  to  the  north,  both  in  Europe  and  Asia.. 
Everywhere  we  find  the  land  descending  rapidly  to  wide  flat 
tracts  to  the  north  of  the  great  chain,  while  to  the  south  it 
descends  in  many  places  to  high  terraces  and  plateaux,  of 
which  India,  Arabia,  and  the  Spanish  peninsula,  are  examples. 
Between  and  amongst  all  are  the  beds  of  rivers,  many  of  them 
now  large  and  important,  but  almost  all  bearing  marks  of 
having  been  formerly  much  larger  and  more  influential. 
These  are  the  valleys  which  usually  open  out  from  gorges  in 
the  mountain  chains.  Generally  the  river  valleys  are  at  first 
at  right  angles  to  the  mountains.  Afterwards  they  not  un 
frequently  alter  their  direction,  and  run  for  long  distances- 
parallel  to  the  axis  of  elevation.  Here  and  there  they  are- 
seen  to  cross  abruptly  the  lofty  chains  through  deep  cuts.  The 
rivers  of  Europe  and  Asia  are  both  numerous  and  large,  but 
few  of  them  are  of  the  nature  of  torrents,  as  they  run,  for  th» 
most  part,  over  gentle  slopes.  For  this  reason  there  are  few- 
great  waterfalls.  The  lakes,  or  accumulations  of  fresh  water 
in  Europe,  are  not  remarkable  for  their  dimensions,  although 
often  so  placed  as  to  afford  the  most  enchanting  views  of 
mountain  scenery. 

The  African,  or  southern  portion  of  the  great  continent^ 
differs  remarkably  from  the  northern  division.  It  has  no  con- 
finuous  or  vrellmarked  mountain  axis,  but  in  place  of  this  an 
oaciKling  chain  of  high  table  Ismd,  enclosing  a  vast  area  of 
IJao  UAture  of  a  partially  dried-up  swamp.    The  northern  part 
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■t>t  this  chain  connects  itself  with  the  great  mountain  system 
«f  the  old  world  ;■  but  there  is  a  broad,  low,  unwatered  valley — 
the  Sahara,  or  great  desert  of  geographers — between  this  north- 
ern elevated  tract  and  the  south.  The  existence  of  a  mountain 
chain,  or  at  least  of  elevated  high  land  on  or  near  the  line  of 
the  equator,  shutting  in  the  great  central  swamp,  is  probable, 
and  has  been  asserted  on  the  authority  of  natives  and  Arab 
merchants.  It  was  believed  to  exist  by  the  late  Captain  Speke, 
and  its  western  extension  to  the  Guinea  coast  has  been  as- 
serted by  many  African  travellers.  Du  Chaillu  believed  that 
'he  travelled  through  some  part  of  it,  but  his  evidence  was  in- 
sufficient for  want  of  accurate  observations  of  latitude  and  lon- 
gitude. Africa  is  watered  by  some  of  the  largest  rivers  on  the 
:  globe.  Three  at  least  of  its  streams  are  remarkable  for  their 
great  length  of  course,  but  except  in  the  case  of  the  Nile  they 
bear  but  a  small  tribute  of  waters  to  the  ocean.  Perhaps  the 
most  remarkable  feature  of  African  physical  geography  is  to 
be  found  in  its  lakes.  These  vast  sheets  or  ponds  appear  to 
•pxist  at  intervals  among  the  high  plateaux  that  surround  and 
enclose  the  interior  of  the  continent.  They  are  numerous  as 
.-jilready  known,  and  probably  there  are  many  others  not  yet 
•visited  and  described.  They  communicate  imperfectly,  some- 
times by  rivers  of  importancei  and  two  of  them  at  least  are 
head  waters  of  the  Nile.  The  rivers  of  Africa  are  not  less 
remarkable  than  the  lakes, — they  circulate  round  and  through  . 
the  interior  plains  and  plateaux,  and,  except  in  the  case  of  the 
Nile,  they  do  not  present  any  important  deltas  where  they 
-enter  the  sea. 

The  American  continent  differs  exceedingly  from  the  great 
<;ontinent.  Its  mountain  axis  is  nearly  at  right  angles  to  that 
■of  the  old  world,  and  it  is  placed  close  to  the  western  side  of 
the  land.  Thus,  on  one  side  there  is  an  immediate  and  rapid 
-descent  to  the  sea,  and  on  the  other  a  succession  of  vast  ter- 
races, watered  by  the  largest  rivers  in  the  world.  In  the 
north  the  condition  is  somewhat  varied  by  a  subordinate,  but 
not  unimportant  mountain  range,  near  the  east  coast ;  and  this 
►exists  also  in  Brazil,  in  South  America.  There  is  in  North 
America  a  chain  of  gigantic  lakes  connected  together,  all  dis- 
-charging  their  surplus  waters  by  one  great  river.  In  the  rest 
>of  the  country  there  are  no  very  large  lakes ;  but  among  the 
.Andes  are  some  at  an  extreme  elevation. 

Australia  is  a  continent  singularly  different  in  its  physical 
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features  fiotn  any  of  the  other  large  tracts  of  land  on  the  earthy 
"With  few  mountains  and  rivers — the  latter  either  running  part 
of  their  course  underground  or  disappearing  altogether — mih 
a  vegetation  and  animal  inhabitants  altogether  exceptional,  it 
is  yet  found  tolerably  well  adapted  to  European  habits,  and  i& 
in  the  way  to  be  peopled  from  its  antipodes.  It  has  no  moun- 
tain axis,  properly  so  called,  and  no^  circlet  of  mountains,  no- 
permanent  lakes,  and  hardly  any  important  rivers.  Much  of 
the  interior  is  level.  Large  areas  are  considerably  above  th& 
sea,  though  very  level ;  and  there  are  no  great  contrasts  of 
form  as  in  the  other  lands,  except  along  the  eastern  coast. 
Altliough  once  thought  inaccessible,  and,  owing  to  the  absence 
of  permanent  streams,  almost  uninhabitable  by  civilised  man, 
the  recent  explorations  and  the  successful  traverses  that  have 
been  made  across  the  countiy  from  sea  to  sea,  tend  to  prove 
that  the  diEBculties  of  reaching  and  cultivating  the  interior 
have  been  exaggerated ;  and  that  settlements  will  gi-aduaUy 
extend  backwards,  especially  from  the  south  and  north,  tilt 
they  meet  in  the  almost  unknown  centre.  At  any  rate,  there 
are  no  lofty  mountains,  no  large  lakes,  and  no  interruptions  of 
desert  land  to  interfere  with  this  result. 

The  islands,  as  we  have  already  pointed  out,  are  but  the- 
plateaux,  ridges,  or  summits  of  submerged  land  ;  or  rather 
of  that  part  of  the  solid  surface  of  the  earth  of  which  all  the 
lower  parts  are  below  the  present  level  of  the  sea.  Those  that 
form  groups  fringing  the  great  tracts  of  land,  would  seem  to- 
belong  to  and  form  part  of  such  land.  Those  that  rise  out  of 
the  open  sea,  far  from  the  ,land,  form  groups  more  or  less  con- 
nected, showing  the  position  of  the  submarine  high  lands,  and 
are  ^suggestive  in  the  highest  degree  of  the  sti-ucture  of  part 
cf  the  earth  otherwise  concealed  from  us,  and  buried  beneath 
the  ocean  floor.  Some  of  them  are  volcanic,  or  are  connected 
with  burning  mountains  of  ancient  or  modem  times.  Others 
are  organic,  having  been  formed  directly  and  evidently  by  the 
accumulation  of  matter  by  living  beings.  Of  these,  the  coral 
islands  are  the  most  remarkable  and  the  most  suggestive  in 
reference  to  the  history  of  the  earth. 

Of  coral  islands  there  are  three  kinds, — atolls,  barrier  reefs, 
and  fringing  reefs.  They  are  in  groups  of  lai'ge  numbers  and 
great  extent,  but  are  almost  entirely  limited  to  the  warmer 
seas  within  or  just  outside  the  tropics.  An  atoU  is  an  annular 
coral  reef  or  low  island  nearly  surrounding  a  basin  of  sea 
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water,  whisxi  is  often  very  large  in  proportion  to  the  island, 
Hnd  is  open  to  the  sea  at  one  point.  Some  atolls  are  nearly  a 
hundred  miles  long,  but  they  are  generally  much  smaller, — 
often  only  a  few  miles.  The  larger  ones  are  narrow.  The 
width  of  the  reef,  or  part  of  the  island  that  is  above  water 
between  the  open  sea  and  the  lagoon,  is  generally  about  a 
quarter  of  a  mUe, — rarely  half  a  mile.  The  lagoon  is  very 
shallow,  but  the  slope  of  the  reef  towards  the  sea,  at  first 
gradual,  deepens  very  suddenly  to  many  hundred  fathoms^ 
The  highest  part  of  the  reef  is  generally  near  the  open  sea- 
margin.  They  are  constantly  altering  by  the  addition  of 
fresh  coral.  There  are  three  main  groups  of  atolls  :  the  Low 
Archipelago,  south  of  the  equator  (long.  .l35o  to  150o  W.), 
the  Caroline  Archipelago,  north  of  the  equator  (long.  140o  to 
I6O0  E.),  and  the  group  in  the  Indian  Ocean, — Laccadives, 
Maldives,  and  Chagos  group  (long.  70"»  to  75°  E.).  The  num- 
ber of  reefs  in  each  group  is  enormous.  Barrier  reefs  are  reefs 
often  of  great  length,  nearly  parallel  to  a  coast  line,  from  which 
they  are  separated  by  a  lagoon  channel  of  shallow  depth.  They 
sometimes  surround  islands  also  at  some  distance  from  the 
land.  On  the  north-east  shore  of  Australia  is  one  of  these 
reefs ;  on  the  western  coast  of  New  Caledonia  is  another.  The 
Fidji  Islands  and  the  Society  Islands  afford  other  examples. 
The  Australian  barrier  is  lOOOmiles  long,  and  generally  twenty 
or  thirty  miles  from  the  coast.  The  New  Caledonian  reef  is 
400  miles  in  length,  and  from  eight  to  sixteen  miles  from  the 
land.  The  intermediate  water  or  channel  lagoon  is  often  deep. 
Fringing  reefs  are  like  barrier  reefs,  but  much  nearer  the 
shore,  and  surround  islands  or  fringe  shores  closely.  They 
are  very  numerous  on  the  shores  of  the  islands  of  the  Indian 
Archipelago  and  also  of  the  South  Pacific,  occupying  belts 
between  ranges  of  atolls  and  fringing  reefs.  They  also  fringe 
Madagascar,  the  east  coast  of  Africa,  and  the  West  India 
islands.  Where  streams  enter  the  sea  the  reef  is  breached  to 
allow  of  their  passage.  Atolls  and  barrier  reefs  are  believed 
to  be  due  to  tiie  growth  of  coral  on  descending  land,  while 
fringing  reefs  are  those  formed  on  land  rising  out  of  the  sea. 

Those  islands  which,  from  their  form,  mode  of  grouping, 
and  position,  seem  to  belong  to  former  or  existing  continents, 
are  the  largest  in  dimensions,  the  most  easily  understood,  and 
the  most  familiar.  Among  them,  we  may  first  allude  to  the 
islands  of  the  Indian  Archipelago. 
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The  Indian  Archipelago  is  au  extensive  group  of  islands 
dividing  the  Indian  Ocean  from  the  Pacific,  and  connecting 
southeastern  Asia  with  Australia.  The  great  Malay  penin- 
Bula,  though  joined  to  the  main  land,  is  really,  for  the  purposes 
of  physical  geography,  a  part  of  this  group  of  land.  The  vast- 
ness  of  the  islands  and  their  number,  tlie  extent  of  vegetable 
and  animal  life,  and  the  special  characteristics  of  this  land, 
deserve  separate  notice.  The  whole  area  of  the  Archipelago 
is  nearly  equal  to  that  of  Europe;  and  two  of  the  islands, 
Borneo  and  New  Guinea,  are  the  largest  on  the  globe.  After 
these  come  Sumatra  (as  large  as  Great  Britain),  and  Lu9on  and 
Celebes,  each  of  which  is  larger  than  Ireland.  There  axe 
eighteen  islands  as  large  as  Jamaica,  more  than  a  hundred 
about  the  size  of  the  Isle  of  Wight,  and  many  thousands  smaller. 
Most  of  them  are  volcanic. 

Beyond  these  islands  to  the  north  is  the  island  of  Formosa, 
followed  by  the  important  Japanese  group.  These  again  pass 
into  the  Kurile  islands,  and  thus  form  a  continued  and  unbroken  , 
insular  fringe  beyond  the  eastern  shores  of  the  old  world.  The 
Aleutian  islands  connect  the  old  with  the  new  world  ;  but  it  is 
remarkable,  that  after  these  are  past  there  is  hardly  one  island 
to  be  found  down  the  whole  western  coast  of  the  two  Americas, 
except  the  Galapagos  group,  till  we  reach  Patagonia,  where 
again  there  is  a  small  fringe,  commencing  with  Chiloe,  reaching 
to  Tierra  del  Fuego,  and  continued  to  the  islands  near  the  sup- 
posed Antarctic  continent. 

Returning  now  to  the  Indian  Ocean,  we  find  there  Mada- 
gascar, a  vast  and  compact  island,  more  than  1000  miles  long, 
and  350  miles  wide,  and  the  group  of  the  Seychelle.  islands, 
separated  from  the  east  coast  of  Africa  by  a  narrow  channel, 
and  parallel  groups, — first  Mauritius,  Bourbon,  &c.,  and  further 
east  the  Laccadives,  Maldives,  and  Cbajiw  group  parallel  the 
coast  of  India.  lu  the  vast  expanse  oi  tne  Pacific  Ocean,  east 
of  Austraha.  is  an  almost  innumerable  multitude  of  island 
groups,  most  of  them  small,  but  together  forming  apparently 
the  remains  of  an  ancient  continent,  now  submerged.  The 
groups  called  New  Caledonia.  New  Hebrides,  Solomon  Islands, 
and  New  Ireland,  connect  with  New  Guinea,  and  also  with 
New  Zealand,  though  at  a  great  distance.  The  islands  of  New 
Zealand  are  not  less  important  in  their  physical  geography 
than  for  their  political  and  social  importance.  They  possess  a 
mountain  axis,  and  exhibit  volcanic  phenomena.     They  ars. 
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together,  nearly  1000  miles  long,  with   200  miles  averaj^e 
*idth. 

The  islands  of  the  Atlantic  are  fewer  in  number  and  on  a 
emaller  scale  than  those  of  the  Pacific  and  Indian  Oceans. 
Of  the  whole  number,  those  forming  the  West  Indian  group 
are  by  far  the  most  important,  as  by  their  position  they  greatly 
influence  the  marine  currents,  and  these  again  affect  the  cli- 
mate of  western  Europe.  Cuba  and  Santo  Domingo,  the  largest 
of'them,  separate  the  Gulf  of  Mexico  from  the  Carribean  Sea ; 
and  the  Antilles,  or  eastern  group,  shut  off  the  latter  from  the 
Atlantic.  All  are  intimately  related  to  the  central  American 
mountain  group  between  the  Andes  and  the  Rocky  Mountains. 

On  the  eastern  coast  of  the  Atlantic  the  group  of  the  British 
Islands,  continued  northwards  by  small  islands  to  Iceland  and 
the  Azores,  the  Canary  islands,  and  the  Cape  de  Verde  group, 
off  the  coast  of  Africa,  beyond  the.  great  mountain  chain  of  the 
Atlas,  are  all  that  need  be  mentioned.  They  all  agree  in  the 
same  general  relation  to  the  main  lands  adjacent,  and  represent, 
therefore,  continental  islands.  They  are  practically  the  sum- 
mits of  elevated  ground,  separated  from  the  main  land  of  Europe 
by  channels  now  covered  with  water,  but  forming  the  natural 
terminations  in  each  case  of  their  respective  continents.  Be- 
yond them  there  are  deep  and  sudden  depressions,  or  cliffs, 
conducting  to  lower  terraces,  disconnected  with  the  continents. 

The  purely  pelagic  islands  are  not  numerous  or  extensive. 
They  are  chiefly  to  be  found  in  the  open  waters  of  the  Pacific 
Ocean,  and  seem  to  have  relation  with  depressed  lands.  Some 
few  are  volcanic,  and  have,  perhaps,  been  recently  elevated;  and 
of  these  Hawaii  is  the  most  interesting.  Ascension  Island, 
St.  Helena,  and  Trinidad  (South  Atlantic),  in  the  western, 
and  several  less  known  but  more  extensive  in  the  eastern  hemi- 
sphere, are  examples  of  these. 

-  Thus,  then,  these  island  groups  are  either  parts  of  present 
continents  or  the  last  remains  of  former  continents,  and  they 
are  important,  if  only  as  indications  of  the  former  history  of 
our  globe.  They  are  valuable,  however,  not  only  from  their 
position,  but  still  more  by  the  forms  of  life  they  expose  to  our 
view.  Thus,  while  some  of  them  contain  nothing  more  than  a 
eelection  of  the  species  common  now  in  the  adjacent  contine>its, 
others  are  altogether  independent  in  this  respect  VVhate,jr 
may  be  the  laws  of  distiibution  of  life,  it  cannot  be  aou  s-./sd 
that  so  great  a  difference  as  is  here   found  belongs  :&  :4.e 
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history  of  the  globe.  Either  the  circumstances  have  changed 
10  an  enormous  extent,  or  a  very  long  time  must  have  elapsed 
since  the  former  connection  existed. 

When  we  contemplate  the  physical  features  of  the  earth  on 
a  large  scale,  many  matters  that,  in  a  single  instance,  might 
seem  unimportant,  become  suggestive  and  interesting,  owing 
to  their  frequent  and  systematic  repetition.  Among  these 
may  be  named  the  general  directions  of  the  longer  and  shorter 
slopes  of  mountain  sides.  Almost  all  elevations  of  any  con- 
siderable extent — all  true  mountain  systems — have  one  side 
steeper  than  the  other.  The  whole  chain  of  the  Alps  slopes 
gently  to  the  north  and  fall  rapidly  to  the  south.  The  great 
Himalayan  chain  falls  by  slow  degrees  and  numerous  steps 
towards  the  frozen  sea,  but  drops  down  almost  vertically 
towards  the  plains  of  India  and  the  valley  of  the  Ganges. 
And  so  in  America,  the  chain  of  the  Rocky  Mountains  and 
that  of  the  Andes  are  exceedingly  precipitous  towards  the 
Pacific,  but  pass  by  gentle  slopes  aud  vast  plains  lowaids  the 
Atlantic.  In  other  words,  in  the  old  world  the  long  slopes  are 
towards  the  north  and  the  short  slopes  towards  the  south.  In 
the  new  world  the  gentle  slopes  are  towards  the  east,  the  pre- 
cipitous slopes  towards  the  west.  It  is  also  the  case,  for  the 
most  part,  though  by  no  means  without  exception,  that  the 
highest  elevations  are  not  very  far  from  the  equator.  This  is 
the  more  remarkable,  since  there  is  no  approach  to  an  equa- 
torial belt  of  land,  still  less  of  high  lEuid,  nor  are  the  culmina- 
ting points  in  the  two  hemispheres  within  the  same  tropic.  It 
seems  probable  that  the  cliaracter  of  the  land  is  continued 
beneath  the  ocean,  and  that  the  Pacific  and  Indian  Oceans, 
are  deeper  and  more  abrupt  than  the  Atlantic.  Although  th& 
mountain  slopes  appear  in  many  cases  very  great,  aud  are  here 
and  there  precipitous,  the  mean  slope  of  the  whole  chain  is 
nowhere  considerable.  In  the  Alps,  it  does  not  exceed  one  in 
twenty. 

The  characteristic  of  the  great  mass  of  land  in  the  old 
world  is  rather  lofty  plains  and  mountains,  than  either  low 
plains  or  valleys,  and  this,  notwithstanding  the  fact  that  the 
traveller  may  cross  the  northern  part  of  the  old  world  from 
the  Atlantic  to  the  Pacific,  along  a  distance  of  6,000  miles, 
without  encountering  a  hill  more  than  a  few  hundred  feet  in 
height.  Europe  is,  on  the  whole,  a  hilly  and  mountainous 
country.     Asia  contains  the  loftiest  mountain  groups  of  the 
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globe  and,  also,  vast  plateaux.  Africa  has  its  lofty  mouutains. 
and  elevated  plains.  Deserts,  very  little  above  the  sea  level, 
accompany  the  plateaux,  but  are  small  in  comparison. 

On  the  other  hand,  America,  notwithstanding  the  important 
and  lofty  chains  of  the  Andes  and  Bocky  Mountains,  is  really 
characterised  by  its  plains.  The  high  lands  are  a  fringe  of 
plateaux,  and  the  gigantic  valleys,  of  which  those  of  the  Missis- 
sippi, the  Amazons,  and  the  La  Plata  are  examples,  are  lov 
plains.  It  is  in  America,  also,  that  we  find  the  largest  num- 
ber of  great  rivers  and  the  largest  lakes.  Mountains,  except, 
in  the  great  chain  of  the  Andes,  in  Central  America  and  on. 
the  west-coast  of  North  America,  are  subordinate,  the  impor- 
tant cultivation  and  vegetation  of  the  continent  being  depen- 
dent on  the  broad,  rich,  level  tracts  that  reach  for  thousands- 
of  miles  in  successive  terraces,  almost  unbroken  by  hills,. 
through  a  large  part  of  both  divisions  of  America. 

Australia,  also,  is  a  land  of  plains,  but  of  unwatered  plains. 
Unlike  the  American  land,  we  have  here  no  sufficient  moun- 
tains to  produce  great  rivers,  and  the  form  of  the  country  is- 
such  that  the  waters  do  not  drain  off  by  open  valleys  to  the 
sea-  The  great  islands  of  the  world  do  not  always  partake 
strictly  of  the  character  of  the  land  to  which  they  are  subordi- 
nate, and,  were  the  water  absent,  we  might  see  very  great 
modifications  in  the  general  outline  of  the  continents.  Thus, 
New  Guinea  is  a  moimtainous  island;  New  Zealand  has  its 
axis  of  very  elevated  land ;  and,  generally,  each  principal  island, 
of  a  group  is  so,  because  it  partakes  of  a  mountain  character, 
rising  above  the  mean  level  as  a  mountain  peak,  not  as  part  of~ 
an  elevated  plateau. 

Some  such  general  sketch  of  the  present  condition  of  the 
earth's  surface,  and  especially  of  that  part  which  is  now  above- 
the  sea  level,  is  not  oiily  interesting  in  itself,  and  necessary  as 
an  introduction  to  physical  geography,  but  is  the  connecting, 
link  between  physical  geography  and  geology.  There  certainly 
could  not  have  been,  from  the  beginning,  precisely  such  a  dis- 
tribution of  land  and  mountain  as  there  is  now.  Generally 
speaking,  the  oldest  mountain  chains  do  not  seem  to  have  been 
lofty,  and  it  is  certain  that  we  cannot  now  determine  which  ar& 
really  the  oldest,  owing  to  the  removal  of  so  many  land  marks^ 
by  subsequent  action  of  air  and  water.  The  line  of  coral> 
islands  now  sinking  in  the  Pacific  and  Indian  Oceans  may 
cover  projecting  parts  of  the  back  bone  of  a  continent  stretching- 
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■from  the  south  pole  towards  the  equator,  with  a  protubesance, 
the  counterpart  of  that  which  is  now  in  the  northern  and  op- 
posite hemisphere.  The  Scandinavian  chain,  now  low  and 
almost  lost,  may  once  have  been  the  main  axis  of  another  con- 
tinent. On  the  other  hand,  it  is  certain  that  the  Alps,  the 
Himalayans,  and  the  Andes,  have  all  become  lofty  mountain 
chains  in  recent  times,  and  may  not  belong  to  the  early  history 
-of  the  globe.  Thus,  the  limits  of  land  and  water,  and  the 
great  outlines  of  both,  are  not  fixed  or  determinate;  they  belong 
to  one  period,  not  to  all  time ;  and  it  is  unreasonable  to  expect 
that  they  should  carry  us  back  to  the  origin  of  all  things,  or 
•give  a  clue  that  may  enable  us  to  unravel  the  mystery  of  that 
condition  of  the  globe  when  life  did  not  exist  as  it  now  exists 
in  connection  with  light,  air,  and  water,  and  when  the  forces 
.acting  upon  the  earth's  surface  were  not  bounded  by  the  ' 
limits  of  temperature  as  those  that  are  now  lecognised. 


CHAPTER     V. 
MOUNTAINS. 

MoiTNTAiNS  are  among  the  grandest  and  most  pictureBqae- 
phenomena  of  the  earth.  They  also  belong  in  a  most  itn- 
portant  sense  to  its  history,  for  they  have  not  always  existed 
'where  they  now  exist.  There  have  once  been  mountain  sys- 
tems where  now  the  height  of  a  few  islands  above  the  sea  is 
very  inconsiderable,  and  all  the  highest  summits  of  all  the 
mountains  of  the  earth  have  once  been  buried  beneath  a  great 
thickness  of  deposits  and  a  great  depth  of  water.  They  are 
all  results  of  elevation  on  a  grand  scale,  extending  over  a 
wide  area,  and  continued  for  a  very  long  period.  In  a  sense, 
though  not,  perhaps,  in  the  sense  once  understood,  they  govern 
the  form  of  continents,  for  their  direction  or  axis  being  that 
of  the  elevating  force,  must  correspond  in  a  general  way 
with  that  of  the  land  around  them,  and  at  their  feet.  Thus 
it  is  that  they  are  vary  permanent,  and  can  hardly  be  oblite- 
rated. Wherever  hard  crystalline  rock,  formed  at  a  great 
depth  below  the  surface,  is  seen  at  or  above  the  surface,  tto 
may  assume  that  we  have  before  us  the  remains  of  some  ancient 
mountain  system,  more  or  less  worn  away  according  to  the  time 
that  has  elapsed  since  it  was  first  elevated,  and  now  strangely 
reduced  from  the  goodly  pile  of  accumulations  that  had  grown 
upon  it  before  its  upheaval  had  commenced. 

There  are  but  few  first-class  mountain  systems  on  the  earth, 
and  it  is  probable  that  this  was  always  the  case.  The  old 
world  and  the  new,  the  eastern  and  the  western  groups  of 
land,  each  contains  its  own.  The  former  is  broken  and  ii> 
terrupted,  the  latter  almost  continuous.  But  both  are  v.>- 
fognisable.  Besides  these  there  are  few  mountain  chains  of 
considerable  magnitude,  but  the  great  chains  are  themselves 
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'broken  up  into  numberless  smaller  ones.  An  account  of  the 
•chief  of  these  systems  will  enable  the  student  to  recognise  the 
main  outlines  of  the  great  skeleton  frame-work  of  the  globe. 
The  loftiest  in  some  parts  are  not  necessarily  the  chains  of 
greatest  interest,  or  those  which  represent  the  greatest  amount 
-of  eruptive  force,  nor  is  it  essential  to  the  continuation  of 
mountain  chains  that  they  should  always  rise  above  the  sea 
level.  The  structure,  form  and  features  of  the  elevation  above 
the  general  surrounding  level,  is  that  which  constitutes  them 
mountains  in  the  strict  sense  of  the  term. 

In  the  large  sense  in  which  we  are  now  speaking,  the  two 
great  mountain  axes  of  the  globe  may  be  defined  in  the  foU 
■Jovring  manner.  That  in  the  old  world,  which  is  almost  con- 
fined to  the  .northern  hemisphere,  crosses  the  whole  breadth 
of  the  land  from  ENE.  to  WSW.  for  about  9000  miles.  The 
other  runs  parallel  to  the  western  coast  of  the  whole  American 
continent,  ranging  NNW.  to  SSE.  for  10,000  miles,  from 
near  the  Arctic  to  the  Antarctic  circle.  The  former  includes 
4;he  Himalayan  chain,  the  Caucasus,  the  Alps  and  the  Pyrenees; 
the  latter  tiie  Rocky  Mountains  and  the  Andes.  There  are 
other  mountain  systems  apparently  independent.  Such  are 
the  mountains  of  eastern  and  central  Africa  and  of  Australia, 
•which  may,  however,  almost  be  regarded  as  spurs  of  the  main 
east  and  west  chain,  running  far  down  into  the  southern  hemi- 
sphere. The  mountains  of  India  and  the  islands  of  the  Indian 
peninsula  are  in  the  same  sense  links  connecting  India  vrith 
Australia  and  New  Zealand.  There  are  other  systems,  such 
as  the  Scandinavian  chain  in  the  old  world,  and  perhaps  the 
Brazilian  mountains  in  the  new,  that  belong  to  distinct  but 
much  more  ancient  systems  of  elevation  than  those  which 
brought  up  the  high  lands  of  the  two  continents. 

There  are  a  few  remarkable  generalisations  vrith  regard  to 
■mountains  that  here  deserve  notice.  With  the  exception  of 
Africa,  the  mountain  chains  in  the  old  world  all  rise  gradually 
from  the  sea  or  from  the  plains  on  their  northern  side,  and 
much  more  abruptly  from  the  land  on  the  south.  In  the  new 
world  the  gradual  rise  is  on  the  eastern  and  the  abrupt  on  the 
western  slope.  Thus  the  culminating  points  of  the  mountain 
chains  are  never  equi-distant  from  the  plains  on  each  side. 
The  length  of  the  slope  of  the  Himalayas  is  more  than  25u0 
miles  on  the  north  and  less  than  500  miles  on  the  south  side. 
Through  a  large  part  of  the  Andes  the  average  slope  on  the 
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Pacific  side  is  little  tcore  than  300  miles  to  the  summit,  while 
towards  the  Atlantic  the  slope  is  more  than  1800.  The  student 
should  be  aware  of  this  fact,  that  the  highest  elevations  of  the 
principal  mountain  chains  are  not  very  far  from  the  equator, 
and  that  the  true  positions  of  the  most  important  are  nearer 
the  extremity  of  the  ti'opics  towards  the  north  and  south  tem- 
perate zones  than  to  the  equator.  With  these  remarks  we 
tnay  proceed  to  consider  the  details  of  the  great  mountain 
groups,  commencing  with  that  of  Europe  as  most  familiar.  It 
is  not  one  of  the  loftiest,  but  rising  almost  directly  from  low 
ground,  its  efifect  is  very  grand  and  impressive. 

It  would,  perhaps,  be  more  systematic  if  we  were  to  com- 
mence an  outline  description  of  the  great  east  and  west  moun- 
tain system  of  the  old  world,  by  an  account  of  the  central  and 
culminating  division.  But  it  will  be  more  intelligible  if  we 
begin  rather  with  the  Alps,  the  loftiest  of  the  European  moun- 
tain chains,  as  being  the  best  understood  and  most  frequently 
visited  of  all,  and  that  best  calculated  to  give  an  accurate  idea 
of  the  true  physical  geography  of  mountains. 

The  Alpine  chain  indudes  the  highest  land  in  Europe.  It 
extends  from  France  eastwards  to  the  Balkan  for  a  distance 
of  more  than  500  miles  from  west  to  east,  and  a  breadth 
gradually  widening  from  80  miles  in  its  western  to  as  much 
as  200  miles  in  its  eastern  portion.  The  loftiest  part  of  the 
chain  is  near  its  narrowest  part.  The  highest  or  culminating 
peaks  are  nearly  adjacent,  though  separated  by  a  deep  valley. 
They  are  Mont  Blanc  and  Monte  Kosa.  The  former  is 
estimated  at  15,784  feet,  the  latter  at  15,223  feet.  There 
are  many  practicable  passes,  the  highest  of  which,  the  Adler 
Pass,  is  12,461  feet.  Another,  the  Col  du  Geant  (11,146 
feet)  crosses  near  the  western  extremity  of  Mont  Blanc.  This 
portion  is  jagged  with  numerous  peaks,  pyramids,  and  needles, 
-of  altered  rock.  There  are  in  the  Alps,  besides  Mont  Blano 
and  Monte  Bosa,  at  least  one  hundred  detached  mountain 
peaks,  upwards  of  10,000  feet  high,  all  of  which  are  constantly 
covered  with  snow.  Few  of  them  are  inaccessible,  but  many 
are  both  difficult  and  dangerous  of  approach.  They  are  suiv 
rounded  by  and  buried  in  snow.  Vast  sheets  of  frozen  snow 
or  glaciers  come  down  from  the  higher  valleys  into  the  country 
helow,  widening  as  they  descend,  and  often  connecting  with 
others  frozen  streams,  just  as  the  waters  of  adjacent  valleys 
combine  and  perform  the  rest  of  their  downward  course  together. 
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The  most  remarkable  and  picturesque  district  of  the  Alps^ 
next  to  the  region  between  Mont  Blanc  and  Monte  Rosa,  where 
the  chain  culminates,  is  the  celebrated  and  much  visited  tract 
of  the  Oberland  or  Bernese  Alps,  where  several  of  the  finest 
Alpine  peaks  rise  out  of  a  vast  basin  of  ueve  about  six  miles  in 
diameter,  enclosed  by  ridges  scarcely  anywhere  below  1"2,000' 
feet,  and  feeding  the  Aletsch  glacier,  the  largest  of  the  most 
accessible  and  the  most  interesting  of  the  natural  phenomena 
of  Switzerland. 

Although  inferior  in  height  to  some  of  the  great  moun- 
tain chains  of  the  earth,  the  Alps  afiford  magnificent  and 
picturesque  scenery,  and  exhibit  all  the  most  prominent 
physical  features  of  lofty  mountains.  They  rise  in  Switzer- 
land from  a  plateau  of  only  moderate  elevation,  and  on  the 
south  side  they  shoot  up  at  once  to  the  sky  from  the  plains  of 
Lombardy.  There  is  an  extension  towards  the  south  and 
west  to  the  Mediterranean  under  the  name  of  Maritime  Alps. 
Nothing  can  be  imagined  more  perfect  than  the  mixture  of 
the  wildest  and  most  savage  scenery,  with  the  rich  pine  and 
other  forests,  and  the  numerous  feeding  grounds  or  Alps,  from 
which  the  chain  has  received  its  name. 

The  higher  Alps,  which  form  the  western  division,  com- 
mence on  the  Gulf  of  Genoa  and  curve  round,  first  by  the 
west,  and  then  to  the  north,  as  far  as  Mont  Blanc.  Turn- 
ing to  the  east  and  north  they  run  through  Switzerland  and 
the  Tyrol,  terminating  in  the  Great  Glockner  (12,956  feet). 
The  length  of  this  line  is  upwards  of  400  mUes.  All  of  it  i& 
lofty,  and  much  of  it  far  above  the  snow  line. 

To  the  east  of  the  Great  Glockner  the  Alps  split  into  two 
branches,  called  respectively  the  Noric  and  the  Camic  Alps. 
The  latter  is  the  principal  group.  Passing  into  the  Julian 
Alps  it  joins  the  Balkan.  It  separates  the  Tyrol  and  Upper 
Carinthia  from  the  Venetian  states,  and  is  much  lower  than 
the  western  mountains. 

The  width  of  the  Alpine  chain  in  the  highest  part  is  about 
100  miles.  Further  to  the  east  it  is  wider,  gradually  i»- 
ereasing  to  200  miles,  and  then  again  narrowing  to  the  point 
where  it  connects  with  the  Balkan.  At  this  point  the  chain 
is  not  more  than  eighty  mUes  in  width. 

There  are  few  lakes  or  pools  among  the  Alps  themselves, 
although  both  to  the  north  and  south  of  the  chain,  in  Switzev- 
land  and   northern   Italy,   the  Ues   are  among   the   most 
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Btrildng  characteristics  of  the  scenery.  There  are  also  no 
table  lands  or  plateaux  near  the  higher  summits.  The  higher 
mountains  seem  to  be  to  some  extent  detached,  but  whether 
this  be  due  to  there  being  many  centres  of  elevation,  or 
whether  it  is  the  result  of  denudation  and  natural  weathering, 
actiqg  in  a  somewhat  unusual  and  extreme  manner,  we  muts 
not  here  discuss.  It  is  certain  that  the  Alpine  chain  consists 
of  numerous  mountain  masses,  often  with  very  little  apparent 
connection  geologically;  but  that  these  have  a  certain  and 
intimate  relation,  and  have  been  elevated  by  contemporaneous 
upheavals,  there  cannot  be  a  doubt.  At  the  same  time  denu- 
dation has  played  a  very  important  part  in  all  the  phenomena 
of  Switzerland  and  the  Tyrol,  and  there  is  not  a  mountain 
peak,  a  ravine,  or  an  exposed  surface  of  rock,  that  does  not 
speak  of  this  in  language  not  to  be  misunderstood. 

The  great  Pyrenean  chain,  attaining  in  Mount  Maledetta  to 
the  considerable  elevation  of  11,168  feet,  extends  from  the 
Mediterranean  Sea  to  the  Bav  of  Biscay,  and  forms  a  natural 
barrier  and  neutral  ground  between  France  and  Spain.  It  is 
disconnected  from  the  Alps  by  the  nlains  of  Languedoc.  The 
chain  rises  abruptly  from  the  Mediterranean,  but  only  to  a 
moderate  height.  The  higher  mountains  soon  succeed,  and 
there  is  no  low  pass  across  the  whole  range.  The  principal 
summit  is  a  wavy  line,  whose  mean  altitude  is  7,000  feet,  but, 
this  is  broken  into  a  vast  number  of  peaks,  upwards  of  twenty 
of  which  rise  more  than  .3,000  feet  above  this  average.  The 
greatest  breadth  of  the  chain  is  about  60  miles,  and  the  length 
is  270  miles.  On  the  French  side  it  is  steep,  rugged,  and 
serrated,  the  peaks  ascending  by  successive  terraces.  On  the 
Spanish  side  gigantic  sloping  spurs  separated  by  deep  pre 
cipitous  valleys  extend  as  far  as  the  valley  of  the  Ebro,  but 
the  depression  on  the  Spanish  side  is  much  less  than  the  rise 
on  the  French. 

The  range  of  the  Pyrenees  consists  of  two  parts,  having  the 
same  general  direction.  The  two  divisions  form  an  angle 
with  each  other  near  the  head  of  the  Garonne,  the  eastern 
portion  advancing  slightly  towards  the  north.  On  each  side 
of  the  principal  ridge  most  of  the  vaUeys  are  transverse,  and' 
some  of  them  of  considerable  length.  They  are  much  closed 
in,  and  some  of  them  abound  with  hot  mineral  springs. 

The  position  of  the  line  of  perpetual  congelation  in  the 
Pyrenees  is  somewhat  doubtful.     On  the  northern  side,  it  has 
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heen  stated  at  a  little  more  than  9,200  feet,  ana  o^  ihe 
soutiierii  at  8,300.  Glaciers  are  frequent  in  the  vicinity  of 
the  loftier  peaks,  but  they  do  not  occupy  the  deep  gorges  as 
dn  the  Alps,  and  they  have  not  left  such  marked  records  of 
their  former  extension. 

The  Pyrenees  may  be  regarded  as  the  western  extremity  of 
the  great  central  mountain  district,  of  which  the  Alps  exhibit 
the  loftiest  elevations.  They  correspond  in  this  respect  to 
the  Carpathians,  the  continuation  of  the  Alps  towards  the  east 
.and  north,  and  bounding  to  the  south-west  the  vast  plain  of 
northern  Europe.  The  Pyrenees,  however,  extend  westwar' 
■beyond  the  extremity  of  France,  and  form  the  northern  boun- 
•daiy  line  of  the  Iberian  peninsula.  In  this  part  they  are  not 
■so  lofty  as  in  the  eastern  part. 

The  Carpathian  mountains  commence  at  Presburg,  in  Hun- 
;gary,  and  extend  at  first  NNE.  for  about  100  miles,  in  a 
range  about  2,000  feet  above  the  sea,  rising  with  sharp  accU- 
vities  and  covered  with  forest. 

From  this  point  the  range  turns  east  and  continues  in  that 
'direction  for  nearly  200  miles.  This  portion  is  broader  than 
the  others,  extending  for  20  miles  or  more,  whereas  the  western 
part  does  not  average  more  than  1 6  miles.  The  summits  are 
also  much  loftier  and  include  the  most  elevated  peak  of  the 
whole  chain.  The  highest  of  these  belong  to  the  Mount 
Tatra,  an  enormous  mass  of  rock  extending  from  west  to  east 
for  about  50  miles,  and  nearly  30  miles  in  the  broadest  part, 
from  north  to  south.  The  average  elevation  of  this  mass  is 
estimated  at  7,000  feet,  but  several  peaks  rise  from  it  above 
the  line  of  perpetual  congelation,  the  loftiest  of  them  (Euska 
Poyano)  being  estimated  at  9,912  feet  above  the  sea.  As 
many  as  twelve  other  peaks  also  rise  to  the  height  of  8,000 
feet  or  more,  and  on  one  of  them  is  a  small  glacier.  This 
■singular  mountain  mass  is  separated  from  the  rest  of  the  Car- 
pathian chain  by  valleys  little  more  than  2,000  feet  above  the 
•sea,  and  therefore  nearly  7,000  feet  below  the  Mount  Tatra. 

East  of  the  Tatra  the  Carpathians  turn  towards  the  south 
;and  form  a  very  extensive  and  broken  mountain  district  be- 
tween the  valleys  of  the  Danube  and  the  Dneister.  Towards 
the  west  the  higher  peaks  rise  to  6,500  feet,  but  further  south 
.and  east  they  are  much  less  important.  The  Transylvanian 
mountains  form  the  eastern  continuation  of  the  Carpathians, 
'4nd  stretch  away  towards  the  swamps  at  the  moutli  of  the 
Danube. 
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The  continuation  of  the  Alps  on  the  right  bank  of  th? 
Danube  is  by  the  mountains  of  Dalmatia  and  the  Balkan, 
chain ; — the  former  are  sometimes  called  the  Dinaric  Alps, 
and  form  a  spur  of  the  main  chain,  reaching  in  Mount  Dinara 
to  the  height  of  5,670  feet,  and  forming  a  deeply-indented  and 
■desolate  tract  nearly  parallel  with  the  Apennine  chain. 

The  true  Balkan  range  extends  from  the  Adriatic  to  the 
Black  Sea  in  latitude  42° — 43°  N.  The  mountains  increase 
in  height  towards  the  east,  but  descend  again  to  the  Black 
Sea.  The  Tschar  Dagh,  the  highest  peak,  is  estimated  at 
nearly  10,000  feet  above  the  sea,  and  the  whole  mountain 
system  is  distinguished  by  craggy  summits  and  steep  sides. 
Many  parts  of  the  range  are  little  known,  as  travelling  is  every- 
where difficult,  and  the  country  is  often  impassable.  The 
higher  portion  is  only  traversed  by  one  road,  passable  by  mules 
^nd  asses. 

The  Balkan  is  connected  with  the  Carpathians  by  low  but 
distinct  ridges,  which,  where  the  Danube  crosses  them,  shut 
in  and  interrupt  the  passage  of  that  river,  forming  the  well- 
known  gorge  of  the  Iron  Gate. 

Three  continuous  chains  branch  off  from  the  southern  ridges 
of  the  Balkan,  the  most  easterly  running  down  to  Constanti- 
nople, forming  a  rocky  though  not  elevated  ridge,  difficult  to 
traverse.  The  middle  spur  runs  for  some  distance  south-east, 
parallel  to  the  former,  but  afterwards  turns  east  and  meets  it. 
The  third,  or  most  westerly,  runs  through  Albania  into  Greece, 
terminating  at  Cape  Colonna  and  forming  the  Pindus  chain- 
The  latter  is  the  most  important,  and  includes  a  district  the 
most  mountainous  in  Europe. 

The  highest  mountain  in  Greece  is  Mount  Guioma,  an  east- 
.  -em  offset  of  the  Pindus  chain.     It  has  been  estimated  at 
about  8,000  feet  above  the  sea. 

The  Apennines  form  a  chain  of  considerable  importance, 
though  subordinate  to  the  great  European  mountain  system. 
Diverging  originally  from  the  Alps,  they  run  in  a  south-easterly 
direction  entirely  through  Italy  for  a  distance  of  650  miles, 
from  the  Maritime  Alps  to  the  extremity  of  the  Gulf  of  Tarento, 
at  Cape  Leuca.  There  is  a  divergent  but  considerable  ex- 
tension of  the  chain,  commencing  south  of  Naples  and  run- 
ning across  the  Straits  of  Messina  to  Sicily.  The  general 
character  of  these  mountains  is  that  of  a  subsidiary  range,— 
they  neither  present  the  vertical  needles  of  the  Alps,  tho 
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fiharp  peaks  of  the  Pyrenees,  nor  even  the  long  rocky  cliff» 
and  escarpments  of  the  Jura ;  their  forms  are  smooth,  rounded, 
and  wavy,  and  bare  rocks  are  rarely  seen  except  in  the  highest 
parts.  The  most  elevated  point  is  nearly  in  the  centre  of  th» 
chain,  a  little  eastward  of  AquUa,  where  Monte  Cormo  rises- 
to  the  height  of  9,523  feet. 

The  Scandinavian  peninsula  includes  a  very  interesting 
chain,  extending  through  Norway  and  Sweden  from  north-east 
to  south-west,  in  a  direction  which,  if  continued,  would  pass- 
through  the  main  chain  of  the  British  islands,  and  which, 
being  also  nearly  parallel  with  the  Ural  chain,  is  transverse- 
to  the  main  direction  of  the  Alps.  This  chain  includes  what 
is  now  called  the  Norrska  Fjellen  (Norwegian  range)  and  the- 
Kjcilen,  and  extends  from  the  south  extremity  of  Norway  as^ 
far  as  North  Cape,  running  thus  through  thirteen  degrees  of 
latitude  or  a  distance  of  more  than  900  miles.  The  south- 
ern portion  (Norrska  Fjellen)  occupies  360  miles  of  this,  and 
is  by  much  the  most  considerable,  both  in  width  and  elevation, 
including  more  than  three-fourths  of  the  southern  part  of 
Norway. 

The  ground  in  this  southern  part  of  the  range  rises  from 
the  sea  vrith  a  steep  ascent  to  about  300  feet.  It  attains  an 
elevation  of  1,000  feet  in  about  20  miles.  Further  north,  the 
ground  rises  to  2,00p  feet :  and  then  at  Bygle  Fjeld  the  true 
mountain  mass  may  be  said  to  commence,  rising  to  4,500  feet, 
and  retaining  that  altitude  for  more  than  100  miles  as  an 
elevated  mountain  plateau.  Out  of  this  project  the  loftier 
peaks,  reaching  an  elevation  of  8,102  feet  in  Suae  Hatten, 
a  part  of  the  great  mountain  called  Dovre  Fjeld.  There  is 
a  vast  number  of  other  considerable  elevations,  and  many 
hundred  square  miles  of  perpetual  snow  and  ice. 

Beyond  the  Dovre  Fjeld  the  mountains  called  Kjolen  com- 
mence, and  form  a  continuous  ridge  to  the  north-east,  having 
a  breadth  of  about  25  miles,  rarely  rising  into  elevated  peaks, 
but  exhibiting  at  intervals  isolated  summits  covered  with 
snow.  The  eastern  declivity  is  not  very  rapid,  but  the 
western  is  exceedingly  steep  and  broken,  descending  upwards 
of  4,000  feet  to  the  sea  in  a  distance  of  10  or  12  miles. 
Further  north  the  mountains  increase  in  altitude,  and  occupy 
a  greater  breadth,  the  summits  reaching  upwards  of  6,000 
feet  within  the  polar  circle,  where  the  snow  line  on  tha 
•western  declivity  is  as  low  as    2,800   feet.     Beyond   68« 
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m,  latitude  the  ground  sinks  occasionally  below  the  snow  line, 
■but  presents  at  intervals  many  elevations  varying  in  amount 
'though  gradually  lowering  till  they  are  lost  in  the  sea,  and  only 
appearing  at  intervals  in  islands  beyond  the  northern  extremity 
<y£  the  main  land.  On  the  whole  nearly  4,000  square  miles  of 
this  mountain  system  are  above  the  limits  of  perpetual  snow. 
The  other  mountain  systems  of  Europe  are  of  inconsiderable 
altitude,  and  only  local  importance.  The  most  interesting  are 
the  mountains  of  the  British  islands,  including  (a)  the  Scotch 
group  rising  in  Ben  Oruachen  to  nearly  3,000  feet,  and  Ben 
Nevis  (4,406  feet;  (6)  that  of  Wales,  of  which  Snowdon  (3,690 
■feet)  is  the  culminating  point ;  and  (c)  that  of  Ireland,  where 
the  loftiest  summit,  Curran  Tuhol,  is  3,405  feet. 

It  is  probable  that  these  mountain  systems  are  connected 
with  the  great  Scandinavian  system,  with  which,  as  we  have 
observed,  they  are  parallel. 

In  addition  to  these,  the  mountain  districts  of  the  south  of 
France  (Cevennes  and  Vosges)  and  of  central  Germany  (Fich- 
telgebirge,  Hartz,  Erzgebirge,  Bohmerwald,  &c.),  are  of  local 
interest  and  importance,  but  must  be  regarded  as  outlying 
portions  of  the  great  mountain  range. 

The  Iberian  peninsula  is  remarkable  as  containing  several 
outlying  mountain  masses  rising  out  of  lofty  plateaux.  The 
Sierra  Nevada  is  the  loftiest  of  these.  It  is  a  small  and 
narrow  mountain  mass,  but  rises  in  Muley  Hacen  to  the 
extreme  elevation  of  11,664  feet.  There  is  another  peak  not 
much  less  lofty,  and  the  Sierra  is  continued  along  the  south 
coast  of  Spain  to  Gibraltar.  The  Sierra  Morena,  much  less 
lofty,  has  its  axis  parallel  to  that  of  the  Sierra  Nevada,  and  is 
some  distance  to  the  north.  The  Sierras  called  EstreUa, 
Guadarama,  and  Cuenca,  lie  between  the  Sierra  Nevada  and 
the  Pyrenean  chain.     They  are  all  much  lower. 

Passing  now  once  more  to  the  east,  beyond  the  Carpathians 
and  the  Balkan,  and  traceable  only  at  intervals,  we  come  to 
high  mountain  land  on  the  south  of  the  Crimea.  The  same 
chain  is  continued  across  from  the  Black  Sea  to  the  Caspian 
by  the  Caucasian  chain.  Towards  the  north  we  have  the  Ural 
mountains,  which  branch  at  a  right  angle  from  the  mountain 
axis  of  the  old  world.  The  Ural  is  a  narrow  mural  range, 
whose  greatest  altitude  does  not  exceed  6,800  feet.  It  hardly 
anywhere  offers  the  usual  characteristics  of  mountain  systems. 
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It  presents,  however,  steep  ascents,  precipices,  and  trans- 
verse gorges.  The  tract  is  to  a  great  extent  inaccessible,  as- 
It  is  covered  vrith  vast  and  impenetrable  forests  and  deep, 
morasses. 

The  Urals  range  in  all  for  1,250  miles.  The  southern, 
portion  reaches  to  about  55°  30'  N.  latitude,  and  consists 
chiefly  of  the  table  land  of  Sakmara,  terminating  in  the- 
Irendik  range  and  the  Ural-Tau.  The  central  portion  scarcely 
exhibits  anything  more  than  a  wide  swelling  ridge,  and  reaches- 
to  58°  N.  latitude.  The  northern  Ural  is  more  considerable 
jagged  mountain  peaks  rising  to  the  height  of  from  5,000  to- 
7,000  feet  above  the  sea,  and  presenting  bare  rocks  and  very- 
extensive  swamps. 

The  Ural  is  more  precipitous,  or  at  least  slopes  less- 
gradually  on  the  eastern  than  on  the  western  side,  and  thfr 
northern  portion  is  scarcely  covered.  These  mountains  are 
throughout  remarkable  for  their  rich  deposits  of  gold  ancfe 
malachite  (green  carbonate  of  copper). 

The  last  of  the  European  mountain  systems  which  require 
notice  here  is  the  Caucasus,  and  separating  Europe  from  Asia.. 
It  extends  between  the  Black  and  Caspian  Seas.  This- 
chain  is  parallel,  or  nearly  so,  to  the  Antitaurus  and  Taurus- 
ranges,  and  forms  with  them  an  important  link,  which  con- 
nects the  mountain  system  of  the  Alps  with  that  of  Ceutral 
Asia.  The  Antitaurus  on  the  north  and  the  Taurus  chain; 
on  the  south  intervene  between  the  Caspian  and  Black  Seas- 
and  the  Mediterranean. 

The  Caucasus  ranges  from  WNW.  to  ESE.  for  a  distance 
of  about  700  miles,  having  a  width  which  varies  between  60 
and  120  miles.  Some  of  the  detached  peaks  rise  to  even 
more  than  Alpine  elevations,  the  h^hest  summit  (Elburz). 
being  estimated  at  17,800  feet,  and  many  peaks  rising  far 
above  the  snowline,  which  is  here  between  10,000  and  11,000 
feet.  Besides  the  main  chain,  which  is  sometimes  obscurely 
indicated,  there  are  numerous  oflfsets  containing  mountains  of 
great  height,  while  the  loftiest  of  all  the  mountain  peaks  is  a 
detached  and  isolated  rocky  mass. 

It  has  already  been  stated  that  the  Taurus  and  Anti- 
taurus chains  complete  the  link  which,  with  the  Caucasus, 
connects  the  two  great  mountain  systems  of  Europe  and  Asia. 
These  chains  (the  Taurus  and  Antitaurus)  both  commence- 
in  the  east  at   or  near  a  very  lofty  mountain  in  Armenia 
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(Mount  Argseus),  \7hich,  being  covered  by  perpetual  bdow,. 
must  have  an  altitude  of  upwards  of  10,000  feet.  The 
Bouthem  chain  (the  Taurus  proper)  first  proceeds  in  a  southerly 
direction  near  the  coast  of  Lycia,  and  then  westwards,  to  the 
borders  of  the  Mediterranean,  where  it  seems  to  run  out 
under  the  level  of  that  sea,  showing  itself  once  more  as  a 
detached  chain  in  the  elongated  island  of  Crete  The  Anti- 
taurus  flanks  the  table  land  of  Asia  Minor  on  the  north  side, 
and  connects  itself  towards  the  west  with  the  Balkan. 

Advancing  still  towards  the  east  we  now  pass  to  the  con- 
sideration of  the  high  mountain  land  of  Persia,  Caubul,  and 
Beloochistan ;  the  conveiging  point  of  this  tract  is  known  as 
the  Hindu- Koosh,  but  is  sometimes  called  the  Indian  Caucasus. 
It  is  a  kind  of  mountain  isthmus  connecting  the  vast  and  com- 
plicated chains  of  the  great  Asiatic  plateaux  with  the  lofly  and 
important  ranges  already  described. 

The  Hindu-Koosh  consists  of  several  ranges,  some  of  them 
exceedingly  lofty,  expanding  and  diverging  to  the  east  towards 
the  Himalayan  chain,  but  converging  towards  the  west.  Ths 
mountains  enclose  many  long  valleys.  They  successively  over- 
top each  other,  and  the  loftiest  exhibits  its  snowy  summits  at 
a  distance  of  150  mUes.  One  of  these  summits  rises  to 
80,593  feet.  Near  the  eastern  extremity,  is  the  valley  of 
Cashmere,  described  in  glowing  colours  by  those  who  have 
visited  it  after  crossing  the  bleak  country  to  the  north  or 
west.  It  is  a  hollow  depression,  of  great  extent,  rarely  rufiBed 
even  by  a  passing  breeze. 

A  mass  of  elevated  land,  including  many  grand  mountain 
groups  and  many  plateaux,  is  now  reached,  extending  from  the 
transverse  range  called  the  Bolor  Tagh,  to  the  Yellow  Sea,  a  dis- 
tance of  nearly  3,000  miles.  It  may  be  divided  into  two 
I  regions,  both  characterised  by  very  considerable  elevations,  and 
I  comprising  extensive  plateaux. 

The  western  of  these  regions  includes  three  distinct  moun- 
tain chains,  with  very  lofty  intervening  plateaux  diverging 
from  the  Bolor  Tagh,  which  divides  the  waters  entering  the 
Sea  of  Aral  from  those  draining  into  the  salt  lakes  of  Eastern 
Turkestan.  The  southernmost  is  the  great  Himalaya  chain, 
the  loftiest  on  the  earth. 

The  Himalaya  chain  stretches  in  an  irregular  Bne  from 
the  defile  above  Cashmere  on  the  north-west,  through  which 
the  Indus  penetrates  to  the  plains  of  the  Punjab,  to  the 
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Southern  bend  by  which  the  Sanpu  or  Dihong  river  enters 
India  to  join  the  Bramaputra.  The  river  valleys  of  the 
Indus  and  Bramaputra  nearly  detach  the  chain  from  Central 
Asia.  The  total  length  of  the  chain  is  about  1200  miles,  and 
the  breadth  about  150  miles.  It  is  traversed  by  a  few  lofty 
passes,  of  which  the  Karakorum  pass  (18,200  feet  above  the  sea) 
is  the  most  important.  The  usual  time  taken  to  cross  the 
chain  is  sixty- six  days,  during  twenty-five  of  which  the  road 
is  never  below  the  level  of  15,000  feet.  A  much  lower  and 
easier  pass  has  been  recently  described  a  little  to  the  east. 

The  mean  height  of  the  chain  is  about  20,000  feet,  and 
the  culminating  point  (Mount  Everest)  is  29,002  feet  above 
the  sea,  as  recently  determined  by  Sir  Andrew  Waugh.  The 
peak  called  Kinchin-junga  (28,178  feet),  formerly  thought  the 
highest,  is  to  the  east  of  Mount  Everest,  among  the  SikHm 
mountains.  Near  the  source  of  the  Sutlej  there  are  forty  peaks, 
each  higher  than  the  highest  peak  of  the  Andes ;  and  this  part 
of  the  chain  is  so  rugged,  that  there  is  hardly  a  spot  in  which 
a  hundred  acres  of  level  ground  exist  between  the  valley  of 
Nepaul  and  the  Tartar  frontier. 

A  great  part  of  the  lofty  elevated  tract  occupied  by  this 
range  is  always  covered  with  snow,  and  the  higher  valleys  con- 
tain the  largest  glaciers  on  the  earth.  The  glaciers  are  at  the 
height  of  about  20,000  feet,  and  the  snow  line  varies  from 
15,500  to  1 8,000  feet.  In  some  places  on  the  Karakorum  pass, 
there  are  only  patches  of  snow  during  summer. 

The  Kuen  Lun  mountains  range  for  a  long  distance  to  the 
east,  commencing  at  some  distance  north  of  the  Himalaya, 
in  about  the  36th  parallel  of  North  latitude,  and  attaining  in 
some  places  an  elevation  of  90,000  feet.  They  are  connected 
with  the  Himalaya  by  an  important  spur,  and  are  partly  volcanic. 
This  range  abounds  in  minerals  and  precious  metals.  Between 
the  Himalaya  and  the  Kuen  Lun  is  the  table  land  of  Tibet, 
and  beyond  the  Kuen  Lun  to  the  north  are  the  plains  of  Yar- 
kand  and  Kotan,  which  pass  into  the  desert  of  Gobi.  StiU 
further  to  the  north  is  the  volcanic  range  of  Thian-Shan, 
the  most  northerly  of  the  western  group  of  the  Central  Asiatic 
mountains. 

A  number  of  detached  ridges  and  small  chains  from  7,00i> 
to  10,000  feet  above  the  sea,  dying  away  into  the  great  plains 
of  Mongolia,  terminate  these  high  lands  and  connect  them  with 
the  Altai  mountains,  which  range  towards  the  north-east  with 
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.a  mean  breadth  of  about  300  miles,  and  whose  elevations 
•vary  from  11,000  feet  in  the  west  to  from  3,000  to  4,000 
teet  in  the  east. 

'  'fhe  Altai,  as  a  mountain  system,  extends  from  the  silver 
mines  of  the  Snake  mountains,  and  the  confluence  of  the 
Uba  and  the  Irtysch,  to  the  meridian  of  Lake  Baikal.  There 
is  a  nominal  but  no  real  division  into  Great  and  Little  Altai, 
but  the  system  includes  (1)  the  Altai  proper,  west  of  the 
Telezki  Lake,  and  (2)  the  east  and  west  chains,  parallel  with 
each  other,  and  containing  the  culminating  point  of  the  whole, 
which  is  about  the  hfight  of  Mount  Etna. 

These  mountains  are  not  connected  with  the  Ural,  there 
being  an  intervening  space  of  400  miles,  occupied  by  low, 
marshy  country.  There  are  other  wide  intervals,  throughout 
which  the  mountain  chain  is  recognised  only  at  distant  inter- 
vals. From  the  banks  of  the  river  Irtysch,  the  main  chain  of 
these  mountains  extends  in  a  serpentine  line  to  the  Pacific  at 
the  Sea  of  Okhotsk,  a  distance  of  nearly  2,500  miles,  and  is 
then  continued  for  another  1,000  miles  by  the  Aldan  range, 
which  is  a  northerly  branch  of  the  main  chain. 

It  is  probable  that  there  is  also  a  south  branch  of  the  chain 
tunning  far  into  China,  but  the  jealousy  of  the  Government 
of  that  country  has  hitherto  prevented  European  travellers 
from  determining  the  point. 

This  long  and  important  range  of  mountain  country  is, 
throughout  most  parts  of  its  course,  extremely  broad,  contract- 
ing to  its  narrower  limits  (150  miles)  near  the  desert  of  Gobi, 
but  expanding  in  some  places  to  as  much  as  1,000  miles. 
Although,  however,  extremely  important  in  respect  to  the 
other  physical  characteristics  of  Central  Asia,  these  mountains 
are  by  no  means  remarkable  for  their  height,  a  great  part  of 
tlie  chain,  as  far  as  the  86th  meridian,  consisting  only  of  a 
succession  of  terraces  with  swelling  outUne.  To  the  east,  this 
hitherto  low  ridge  expands  and  splits  into  three  branches, 
rising  near  Baikal  into  considerable  but  not  lofty  elevations, 
capped  with  snow. 

The  mean  height  of  the  first  and  most  western  part  of  the 
Altai  chain  is  about  5,000  feet  above  the  sea,  and  the  loftiest 
summits  (between  the  parallels  of  50°  and  51°)  reach  a  height 
if  nearly  10,000  feet.  But  although  the  elevation  is  not 
iriconsiderable,  the  configuration  is  very  peculiar,  themouii- 
tains  being  truncated  or  terminated  at  their  summits.     They 
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are  in  fact  little  more  than  level  plains  of  considerable  extent^ 
with,  numerous  deep  fissures.  They  do  not  consist  of  a  series 
of  irregular  peaks. 

The  continuation  of  the  Altai,  eastwards,  is  chiefly  by  a 
mountain  range,  irregular  in  the  form  of  the  summit,  but 
lofty,  and  covered  with  snow.  Little  is  known  with  accuracy, 
beyond  the  fact  of  the  extension  of  the  chain.  'The  great 
intermediate  chain  of  the  Thian-Schan  ^tends  for  1,400  milea 
from  west  to  east,  being  in  some  places  100  miles  in  breadth, 
and  rising  occasionally  above  the  snow-line.  The  higher  or 
central  portion  of  the  range  appears  to  be  about  40  mUes  in 
width,  and  a  very  large  space  to  a  considerable  distance  from' 
the  summit  seems  occupied  by  snow  and  ice.  Towards  its 
eastern  termination  it  is  less  known,  and  at  about  the  95th 
meridian  it  suddenly  terminates.  The  whole  chain  is  nearly 
eight  times  as  long,  from  east  to  west,  as  the  Pyrenees.  It 
is  a  volcanic  range,  and  is  lofty  enough  to  admit  of  glaciers. 
The  active  volcanoes  are  1,500  miles  distant  from  the  icy  se» 
to  the  north,  about  the  same  distance  from  the  mouths  of  the 
Indus  and  Ganges  to  the  south,  1,360  miles  from  the  Caspian, 
and  1,000  miles  from  the  sea  of  Aral.  In  its  eastern  exten- 
sion the  range  gives  place  to  the  plains  of  Gobi,  which  continue 
£(r  9J"  of  longitude,  but  the  mountains  re-commence  on  the- 
q|2icr  side,  and  continue  almost  to  the  shores  of  the  Pacific, 
in  the  somewhat  more  southerly  chain,  the  In-schan.  The- 
heights  of  the  Thian-schan  do  not  seem  to  have  been  yet 
ascertained  by  direct  measurement. 

Beyond  the  eastern  extremity  of  the  great  Himalayan  range 
there  is  a  considerable  tract  of  country  in  China  whose  phy- 
sical geography  is  little  known,  but  which  appears  to  exhibit  a 
greatly  complicated  group  of  mountain  chains.  The  moun- 
tains rise  in  some  places  to  a  great  altitude  (those  of  Petsha 
being  estimated  at  15,000  feet),  while  a  serrated  ridge  runs 
northward  and  joins  a  branch  of  the  Altai  near  the  55th 
parallel  of  north  latitude. 

The  subordinate  mountain  ranges  of  Asia  are  numerous  and 
considerable,  but  not  sufficiently  important  to  demand  here  any 
lengthened  description.  It  wiU  only  be  necessary  to  allude  very 
briefly  to  those  of  the  three  great  promontories  of  Arabia,  Hin- 
dustan, and  Birmah.  There  are  distinct  chains  in  some  of  the 
islands  of  the  Indian  Archipelago,  but  they  do  not  seem  to 
connect  themselves  with  the  mountain  axis  of  the  old  world. 
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Arabia  consists  of  a  table  land  enclosed  nearly  on  all  sides- 
by  ridges  of  no  remarkable  elevation ;  these  seem  to  form  low- 
mountain  chains,  and  the  principal  of  them  extends  from 
Mount  Sinai,  on  the  Ked  Sea,  along  the  shores  of  the  Medi- 
terranean, across  the  Taurus  range  to  the  Black  Sea.  Tha 
altitudes  of. the  two  highest  peaks  in  this  range  are  8,593  feet, 
and  7,498  feet  respectively,  and  the  mean  altitude  of  the 
mountains  ranging  round  the  peninsula  is  between  4,000  and. 
5,000  feet.  The  Arabian  Mountains  connect  with  the  lofty 
group  of  Abyssinia  and  the  north-east  of  Africa. 

Hindustan  contains  'two  principal  chains,  the  Vindhya. 
Mountains  on  the  north  of  the  Deccan,  whose  mean  height  is- 
about  3,000  feet,  and  the  western  Ghats,  which  average  be- 
tween 3,000  and  4,000  feet.  The  highest  summits  of  this 
latter  range  attain  an  elevation  of  as  much  as  8,000  feet.  The- 
Ghats  run  everywhere  close  to  the  coast  of  India,  and  the 
Vindhya  range  crosses  the  upper  part  of  the  promontory  in 
an  ENE.  direction. 

The  singular  triangular  mass  of  irregular  land,  including; 
the  Birman  Empire,  Siam,  Cochin  China,  and  Malacca,  con- 
tains mountain  chains  which  appear  to  be  transverse  spurs  of 
the  great  Himalayan  chain,  and  which  enclose  table  lands. 
In  the  western  part  of  the  promontory  the  Aracan  Mountains 
at  first  form  a  ridge  of  rocky  elevations  of  moderate  height, 
rising  in  latitude  21°  21'  N.  to  as  much  as  6,000  feet  above 
the  sea,  while  similar  high  mountain  ranges  slope  gradually 
on  the  east  side,  having  a  much  sharper  incline  on  the  west. . 
These  extend  for  some  distance,  and  occupy  the  central  part 
of  the  country,  while  long  spurs  project  into  the  Malay  penin- 
sula, occupying  with  their  offsets  the  whole  country  from  one 
sea  to  the  other,  and  attaining  an  elevation  of  about  3,000- 
feet.  These  same  mountains  are  continued  through  Siam, 
where  they  have  an  elevation  of  from  5,000  to  6,000  feet,  and 
are  very  rugged  and  bold.  They  are  supposed  to  branch  from 
some  of  the  lofty  and  snow-covered  peaks  surrounding  the- 
table  land  of  the  Chinese  province  of  Yunnun. 

The  mountain  systems  of  Africa  are  still  imperfectly  known, 
though  much  information  has  been  obtained  concerning  them, 
of  late  years.  They  include  ( 1 )  a  high  range  on  the  east  coast,. 
colminatiiig  in  the  north-east  extremity  of  the  continent,  and 
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-connecting  the  Abyssinian  group  with  the  Arabian  system. 
■■(3)  A  corresponding  chain  on  the  west  coast,  culminating 
near  the  equator,  and  supposed  to  extend  thence  into  the 
interior.  (3)  The  Atlas  chain  fringing  the  shores  of  the  Medi- 
terranean, and  forming  the  southern  part  of  the  western  division 

■  of  the  great  chain  crossing  the  eastern  continent.  (4)  The 
South  African  range  on  the  eastern  side   of  the  continent. 

"(5)  An  important  insular  range  in  Madagascar. 

The  Atlas  mountain  system  is  almost  European.  Its 
main  axis  is  an  irregular  line,  whose  principal  direction  is 

1VSW.  and  ENE.     This  line  reaches  from  Cape  Geer,  on 

■the  Atlantic,  to  the  coast  a  little  north  of  Tunis.  There  is 
an  imperfect  division  of  this  part  of  the  chain  into  Greater 
and  Lesser  Atlas,  but  the  whole  is  really  a  succession  of 

■crests,  forming  the  division  between  tbe  waters  flowing  into 
the  Mediterranean,  and  those  which  flow  towards  and  beneath 
1iie  Sahara.  The  strike  of  the  eastern  or  Mauritanian  portion 
is  E.  and  W.,  and  the  elevated  Atlas  of  Marocco  NE.  and 
SW.     There  are  among  the  mountains  some  of  considerable 

■  elevation.  The  loftiest  is  estimated  to  attain  to  11,400  feet. 
The  general  character  of  the  chain  is  rather  that  of  elevated  tar 
•ble  lands  of  small  width  (as  in  Central  Asia)  than  that  of  a 
lofty  serrated  ridge,  like  the  Alps.  While,  however,  the  sides  of 
the  mountains  and  their  general  summits  often  present  this 
flattened  character,  the  highest  points  are  formed  of  great  and 
inaccessible  masses  of  detached  rock  rising  perpendicularly. 

An  important  offset  of  the  Atlas  stretches  towards  the 
north  and  terminates  at  Ceuta,  showing  a  connection  of  the 
mountain  chains  and  rocks  of  southern  Spain  with  those  of 
Africa. 

On  the  western  coast  of  Africa,  south  of  the  Sahara,  and  on 
the  coast  of  Guinea,  there  are  noble  mountain  masses  rising 
13,000  feet  above  the  sea.  These  have  not  yet  been  traced 
-satisfactorily  to  form  a  continuous  chain.  The  Atlantic  coast 
of  Africa  for  900  mUes  from  Cape  Negro  to  the  Orange  Eiver 
is  low,  but  within,  at  a  short  distance,  there  is  a  coast  range 
which  rises  towards  the  equator,  and  is  there  extremely  lofty. 
It  is  conjectured  that  this  chain  passes  into  or  connects  with 
■«.  lofty  east  and  west  range. 

The  coast  of  south  Africa  from  the  Orange  Eiver  to  the 
'€ape  of  Good  Hope,  thence  eastwards  to  Natal,  and  ncrth- 
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■wards  on  the  east  coast  to  the  Zambesi  BJver,  exhibits  a- 
series  of  ranges  of  high  ground  parallel  to  the  coast,  rising: 
in  places  into  lofty  mountains.  These  are  only  interrupted 
where  the  Zambesi  enters  the  sea.  The  island  of  Maf"  ~^scar 
has  a  yet  more  magnificent  mountain  range  rising  to  fajOOO" 
feet,  and  being  parallel  to  that  of  Lupata  on  the  main  land. 

Recent  discoveries  in  African  geography  have  thrown  much 
light  on  the  physical  geography  of  the  country  generally. 
Among  other  matters  the  existence  of  exceedingly  lofty  moun- 
tains, a  few  degrees  soutli  of  the  equator,  and  at  a  distance  of 
some  300  miles  from  the  Zanzibar  coast,  has  been  proved  by 
the  partial  ascent  of  Kilima-njaro  by  the  late  Baron  von  Decken^ 
and  the  sight  of  Kenia,  about  200  miles  further  north,  and 
on  the  very  line  of  the  equator.  These  mountains  are  not 
less  than  20,000  feet  in  height,  and  the  snow  line  on  them  ia- 
sometimes  within  18,000  feet  of  the  sea,  though  permanent 
only  at  17,000  feet.  They  probably  connect  with  the  Abys- 
sinian range,  a  mass  of  rugged  mountains  torn  by  ravines,  but 
with  intervening  cultivated  plains.  They  include  a  chaia- 
Tunning  for  300  miles  parallel  to  the  coast  of  the  Red  Sea, 
rising  in  places  to  10.000  feet.  At  some  distance  within  the 
country  there  is  another  and  loftier  plain  (the  mountains  of- 
Samen),  giving  rise  to  some  of  the  principal  feeders  of  the 
Nile.  These  are  estimated  at  15,000  feet,  and  extend  south- 
wards. The  late  Captain  Speke  received  information  while 
on  his  last  journey  to  Victoria  Nyanza  which  induced  him  to- 
believe  in  the  existence  of  an  equatorial  range  west  of  that 
great  lake. 

We  come  next  to  the  mountain  systems  of  the  new  world. 
These  are  neither  less  extensive  or  less  important  than  those- 
already  described,  but  they  are  more  simple,  and  unlike  those^ 
of  Europe,  Asia,  and  Africa.  They  form  a  single  principal 
chain,  close  to  the  western  side  of  the  continent,  instead  of 
dividing  it  into  two  parts  of  almost  equal  area.  Three  main 
groups  of  mountains — the  Rocky  Mountains  in  the  north,  the 
Mexican  Andes  in  Central  America,  and  the  mighty  CordUlera 
of  the  Andes,  commonly  so-called,  (reaching  from  north  to 
south  in  an  unbroken  line  through  south  America) — these 
together  make  up  the  chain.  Its  total  length  is  nearly 
10,000  miles.  Though  simple  in  its  main  features  it  is  com- 
plex in  its  details,  consisting  of  two  or  more  chief  axes. 
Towards  the  north  these  are  rather  widely  separated,  and; 
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only  at  a  few  points  do  the  ridges  culminate  to  peaks  above 
\0,000  feet  in  height.     In  the  central  part  there  are  very 

•extensive  lofty  plateaux,  not  always  bounded  on  both  sides  by 

mountains.     The  southern  division,  ranging  from  the  Isthmus 

■of  Panama  to  Cape  Horn,  is  narrow,  but  double  throughout, 

-and  ^projects  spurs  to  the  east,  dividing  south  America  into 
river-basins,  which,  from  the  position  of  the  mountains,  and 

-the  form  and  dimensions  of  the  land,  east  of  the  mountains, 

•are  among  the  largest  in  the  world. 

The  Rocky  Mountains  run  for  3,000  miles  in  two  parallel 

•chains  from  the  Arctic  Ocean  to  the  plains  of  Mexico,  and  are 

'flanked  by  two  other  parallel  ranges  to  the  west,  namely,  the 
Sea  Alps  of  the  north-west  coast  and  the  mountains  of  California, 

The  latter  range,  for  the  chief  part  of  its  course,  is  separated 

'from  the  others  by  the  sea. 

These  two  main  chains,  together  with  the  southern  ex- 

-tremity  of  the  third  (the  Sea  Alps  of  the  north-west  coast), 

•  commence  at  about  the  tropic  of  Cancer,  and  thence  proceed 
northwards  to   about  latitude   42°  N.,  where   they  form  a 

'mountain  knot  of  very  considerable  elevation  (the  Snowy 
Mountains),  transverse  to  the  main  north  and  south  direc- 

■tion.* 

The  general  character  of  the  two  ridges  which  enclose  the 

-great  plains  of  Mexico,  and  of  the  Sierra  Madre,  which  rises 
between  them,  is  that  of  rugged  and  irregular  hiUs,  whose 
summits  are  not  more  than  from  500  to  2,000  feet  above 
their  bases.     These  are  often  separated  from  each  other  by 

■  abrupt  declivities,  and  traversed  by  deep  transverse  valleys. 
Further  north,  and  between  latitude  29"  and  34o  N.,  there 
are  two  ridges  somewhat  more  distinct,  but  not  lofty.  StUl 
further  in  the  same  direction,  and  near  the  Snowy  Mountains 

'(latitude  42"),  the  mountains  rise  abruptly  from  the  east, 
towering  to  a  great  height,  and  consisting  of  ridges,  knobs, 
and  peaks,  many  of  which  are  covered  with  perpetual  snow. 
These  vary  in  altitude  from  10,000  to  15,000  feet,  and  are 

iall  on  the  eastern  side  of  the  range.     The  descent  of  this 

*  It  IB  usual  to  eonBider  that  the  Rooky  Mountains  terminate  at 
the  great  bend  of  the  Eio  del  Norte,  latitude  29° ;  but  the  Cordilleras 
•that  continue  in  the  same  direction  to  the  south  of  that  bend  seem  to 
pvove,  that  although  part  of  the  table  land  of  Mexico,  the  chain  may, 
•in  all  essential  points,  be  regarded  as  the  continuation  of  the  mountain 
«ystem  and  as  forming  a  true  connecting  link  with  the  Andes. 
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lofty  mountain  chain  to  the  west  is  not  so  rapid  as  in  the 
east,  and  the  parallel  range  on  the  other  side  of  the  Rio  del 
Norte,  whose  valley  separates  the  eastern  from  the  central 
ndge,  and  which  also  rises  sharply  from  the  east,  is  less  con- 
siderable in  the  number  and  elevation  of  the  lofty  peaks  that 
surmount  it.  It  is  still,  however,  an  important  chain,  and  is 
separated  by  a  very  wide  interval  of  sandy  desert  from  the 
Sea  Alps  of  California. 

Most  of  the  desert  tracts  in  this  part  of  North  America  are 
covered  with  salt,  and  are  more  or  less  volcanic. 

Past  the  important  transverse  range  of  the  Snowy  Moun- 
tains and  the  Black  Hills — which  in  the  west  attain  near  the 
«oast  an  elevation  of  10,000  feet,  but  die  away  in  the  east  as 
they  approach  the  upper  valley  of  the  Missouri — the  Rocky 
Moimtains  or  Oregons,  as  they  are  there  called,  exhibit  two 
principal  ranges  running  parallel  to  each  other  at  a  distance 
of  100  miles,  and  continue  as  lofty  and  rugged  elevations  to  a 
very  considerable  distance,  with  a  breadth  of  30  to  40  miles. 
The  mean  height  of  the  chain  is  here  9,000  feet,  and  the 
parallel  western  range  is  lower,  but  wider.  The  mountains 
rise  again  as  they  near  the  Pacific  coast,  and  form  a  distinct 
And  important  chain.  The  principal  ranges  for  some  distance 
we  hare  already  described.  They  are  lofty,  but  not  uniform 
■and  continuous,  rather  forming  extensive  groups  of  mountains 
than  true  ridges,  and  being  over-topped  by  high  peaks,  two 
of  which,  in  latitude  52" — 53o  N.,  (Mount  Hooker  and  Mount 
Brown)  attain  elevations  of  nearly  16,000  feet.  Still  further 
north  the  eastern  range  remains  lofty,  but  it  gradually 
■diminishes  in  height  till  it  sinks  into  an  insignificant  range 
towards  the  Arctic  circle. 

A  part  of  the  coast  range  near  latitude  60"  presents  a 
number  of  very  lofty  peaks,  one  of  which  is  Mount  Elias,  the 
highest  mountain  in  North  America.  It  is  estimated  at 
17,800  feet,  and  the  chain  of  which  it  is  the  culminating  point, 
«xtends  to  the  south-east  for  nearly  1 00  miles  along  the  coast, 
and  terminates  with  Mount  Fareweather,  whose  height  is 
15,000  feet. 

The  CordiUera  of  the  Andes  is  a  continuation  of  the  Rocky 
Mountains,  connecting  with  that  chain  by  the  mountains  of 
Central  America.  The  Isthmus  of  Panama  on  the  south, 
and  that  of  Tehuantepec  on  the  north  separate  central  from 
South  and  North  America.     This  included  district  has  a  length 
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«f  about  l,aOO  miles,  and  varies  in  breadth  from  20  to  40O 
miles.  It  is  a  confused  mass  of  three  mountain  groups- 
divided  by  valleys  running  from  the  Gulf  of  Mexico  to  the 
Pacific.  Many  of  the  mountains  are  low,  but  most  of  the 
district  consists  of  lofty  table  land,  and  far  loftier  mountains, 
of  which  several  are  active  volcanoes.  Guatemala  is  the 
northernmost  of  these  table  lands,  and  is  intersected  by  deep 
valleys.  It  includes  three  volcanoes,  all  active,  and  terminates 
in  parallel  ridges  of  mountains  running  from  east  to  west, 
rising  from  7,000  to  10,000  feet  above  the  plain.  The  Cor- 
diLlera  of  Veragua,  about  9,000  feet  high,  is  the  southern- 
most, and  between  Veragua  and  Guatemala  is  the  Mosquito  * 
country  and  Honduras,  containing  lofty  mountains.  South 
of  Panama  we  enter  South  America,  and  the  great  chain  of 
the  Andes,  properly  so-called.  > 

The  Andes  are  subdivided,  both  geographically  and  geolo- 
gically. There  are  six  principal  sub-groups,  which  may  be 
described  under  the  following  names : — (1.)  Andes  of  New 
Granada ;  (2.)  Andes  of  Quito  These  two  are  sometimes 
called  the  northern  Andes.  (3.;  Peruvian  Andes;  (4.)  Boli- 
vian Andes.  These  two  form  the  central  Andes  of  somo 
authors.  (5.)  Chilian  Andes  '6.)  Patagonian  chain.  Thesfr 
are  the  southern  Andes.  From  the  first  group  proceed  the 
feeders  of  the  Orinoco,  from  the  second  and  third  those  of 
the  northern  or  Maranon  branch  of  the  Amazons,  and  from 
the  fcuFth  those  of  the  southern  branch  of  the  same  great 
river.  The  Parana  is  chiefly  fed  from  the  Brazilian  Moun- 
tains, but  partly  from  the  Chilian  Andes. 

■The  Andes  chain  consists  of  a  double  or  treble  axis,  with 
numerous  very  lofty  plains,  where  these  different  ranges  come 
together.  Such  plains  are  called  knotsi  and  they  present 
phenomena  of  the  most  singular  kind,  which  '.vill  be  described 
vfhen  we  consider  the  plateaux  or  lofty  plains  of  the  earth. 

For  the  most  part,,  the  western  or  coast  range  of  the  Andes 
is  the  loftiest,  and  that  of  which  the  largest  proportion  rises 
above  the  snow  line.  It  is  generally  ascended  vrith  difficulty 
by  rugged  paths  to  an  elevation  where  the  frozen  plains, 
called  paramos,  are  found,  and  from  these  rise  colossal  peaks, 
many  of  them  volcanic,  but  covered  with  perpetual  snow. 
The  country  (which  would  be  very  improperly  described  ae 
valley)  that  extends  between  the  two  mountain  axes,  in  those 
parts  where  the  chains  do  not  form  a  knot,  is  broken,  un- 
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cultiTable,  and  solitaiy.  Its  width  varies,  but  is  never  very 
considerable  in  proportion  to  the  magnitude  of  the  chain,  and 
it  is  necessarily  verv  varied  in  aspect,  climate  and  vegetation. 
The  northern  portions  of  the  chain  being  tropical,  and  the 
southern  parts  in  high  southern  latitudes,  there  are  extreme 
differences  in  the  various  divisions,  and  each  maj  be  regarded 
as  a  special  group,  though  there  is  really  no  strict  demar- 
cation from  tibe  Isthmus  of  Panama  to  the  extremity  of 
Patagonia. 

The  whole  chain  of  the  true  Andes,  grouped  geographically, 
as  we  have  just  described,  is  divided  physically  by  those 
singular  "  knots,"  or  converging  points  of  mountain  ridgea, 
that  exist  in  other  mountain  chains,  but  are  nowhere  seen  in 
10  characteristic  a  form.  Estimated  in  this  way,  however,  the 
geographical  division  remains.  To  render  the  whole  system 
clear  it  will  be  best  to  commence  at  the  southern  extremity, 
where  th^  chain  rises  out  of  the  ocean  and  show  the  succes- 
sive divisions  as  they  approach  the  equator,  and  finally  pass 
away  in  New  Granada. 

The  Andes  of  Patagonia  rise  suddenly  out  of  the  sea  at 
Cape  Horn  (or  Hoom)  to  a  height  of  3,000  feet,  by  a  chain 
of  peaks  ranging  from  3,000  to  6,000  feet,  but  broken  at 
intervals  by  deep  gorges  penetrated  by  the  sea,  and  resem- 
bling the  §ords  of  Norway.  This  chain  connects  with  the 
main  continental  chain  in  latitude  52°  S.,  there  rising  to  about 
6.000  feet,  immediately  from  the  Pacific.  From  the  mode  in 
which  the  coast  is  lined  with  islands,  and  broken  by  these 
Qurds,  it  is  manifest  that  the  chain  is  continued  beneath  the 
sea  with  a  true  mountain  character,  the  islands  being  the 
summits  of  the  submerged  mountains.  The  same  general 
condition  extends  still  further  to  the  south,  connecting  the 
.\ndes  with  the  unknown  land  of  the  Antarctic  seas,  and 
separating  the  Pacific  from  the  Atlantic  basin  in  a  manner 
that  will  be  further  alluded  to  when  we  come  to  the  descrip- 
tion of  those  great  oceans. 

From  the  point  where  the  Cordillera  enters  the  main  land 
the  mountains  continue  to  rise,  and  at  length  in  latitude 
43°  S.,  they  reach  to  the  height  of  8,000  feet,  rising  imme- 
diately from  the  sea,  covered  with  perpetual  snow,  and  giving 
rise  to  enormous  glaciers.  The  Patagonian  Andes  exhibit  no 
slevation  more  considerable  than  about  8,030  feet. 

The  Andes  of  Chili  do  not  approach  so  near  the  coast  as 
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those  of  Patt^onia,  but  they  attain  a  much  greater  height, 
presenting,  also,  hilly  districts,  flanking  the  main  chain.  This 
Cordillera  (as  mountain  chains  are  called  in  the  Spanish  lan- 
guage) has  13,000  feet  of  mean  elevation,  but  one  mountain, 
Aconagua,  rises  to  23,000  feet.  The  mountain  tops  are  rarely 
above  the  level  of  perpetual  snow,  which,  in  latitude  33°  S., 
rises  to  12,780  feet.  The  precipices  on  each  side  of  this  part 
of  the  range  are  frightful,  and  several  volcanoes  erect  their 
conical  peats  above  the  flat,  summits.  The  Chilian  Andes 
terminate  at  the  knot  of  Porco  and  Potosi.  This  knot  is 
above  the  snow  line,  (at  this  place  17,000  feet  above  the  sea). 

From  about  the  20th  degree  of  south  latitude,  the  chain 
takes  the  name  of  Peruvian  Andes,  and  is  separated  from  the 
Pacific  by  a  plain  about  60  miles  broad,  extending  for  1,250 
miles  to  the  north.  No  raiu  falls  on  this  district.  The  same 
plain  extends  as  far  as  the  Isthmus  of  Panama,  but,  in  its 
northern  continuation,  is  damp  and  clothed  with  luxurious 
forests. 

The  Peruvian  Andes  proceed  for  about  250  miles,  in  a  some- 
what north-westerly  direction,  to  the  knot  of  Cuzco,  in  two 
principal  ranges  of  great  elevation,  between  which  is  the  table 
land  of  Desaguadero.  The  whole  breadth  of  country,  including 
the  two  ranges  and  the  plain  between  them,  is  only  300  miles, 
but  a  multitude  of  snowy  peaks  rise  on  each  side,  varying  from 
18,000  to  22,000  feet  in  absolute  height  above  the  sea.  The 
elevation  attains  a  height  exceeding  25,000  feet  in  the  middle 
of  the  eastern  range.  A  very  important  eastern  spur  of  the 
Andes  (the  Sierra  Nevada  de  Cochabamba)  is  given  off  from 
this  range  of  the  Bolivian  Andes. 

The  group  or  knot  of  Cuzco  is  a  remarkable  range  of  high 
ground,  having  an  extent  of  surface  three  times  as  large  as 
■Switzerland,  with  a  mean  height  of  8,300  feet.  North  of  it 
-extends  the  plain  of  Bombon,  at  an  absolute  elevation  of 
14,000  feet.  This  is  only  18  miles  broad.  On  each  side  rise 
ridges,  which  unite  again  in  the  knot  of  Pasco  and  Huanuco, 
between  the  11th  and  10th  parallel  of  south  latitude,  11,800 
feet  above  the  sea,  whence  proceeds  a  triple  range  of  somewhat 
lower  elevation,  (rarely  amounting  to  10,000  feet),  terminating 
■at  the  knot  of  Loxas. 

From  this  point,  at  which  the  elevation  varies  from  6,400 
to  8,300  feet,  the  summit  of  the  Andes  forms  a  narrow  table 
land  for  360  miles,  hemmed  in  by  some  of  the  loftiest  moun- 
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taini  of  the  new  world.  Among  these,  Chimborazo  (21,i20 
•Ceet),  Ootopaxi  (18,858  feet),  Antisana  (19,126  feet),  Cayambe 
(19,625  feet),  and  many  otheis,  form  a  series  of  mountain 
«ones,  many  of  them  volcanic,  which  surround  the  remarkable 
table  land  on  which  Quito  is  situated,  and  attest  the  activity, 
■energy,  and  vast  force  of  the  subterranean  powers,  which  are 
often  still  recognised  in  the  earthquakes  and  eruptions  so  charac- 
ieristic  of  this  remarkable  district.  One  of  these  peaks  (Cay- 
ambe) is  traversed  by  the  equator,  and  all  of  them  are  situated 
4inder  the  immediate  influence  of  a  tropical  sun,  affording  in 
the  ascent  of  their  lofty  slopes  every  variety  of  climatal  pecu- 
Jiarity  that  the  surface  of  our  earth  will  admit. 

North  of  the  equator  is  the  knot  of  Los  Pastes,  (10,300 
<eet),  beyond  which  the  chain  of  the  Andes  begins  to  diverge, 
one  branch  going  off  to  the  north-east  into  Venezuela,  bound- 
ing the  Llanos  of  the  Orinoco  and  spreading  out  into  the  table 
land  of  Santa  Fe  de  Bogota,  with  an  altitude  of  9,000  feet. 
Another  (the  central  branch)  runs  due  north,  at  a  mean  height 
of  10,000  feet,  but  attains  a  height  of  18,314  feet  in  the  Peak 
■of  Tolima.  The  third  or  western  branch  is  much  lower,  and 
only  20  miles  broad  They  form,  together,  an  almost  im- 
passable barrier,  and  proceed  through  the  knot  of  Antioquia, 
•(7,000  feet),  to  the  Isthmus  of  Panama. 

A  small  east  and  west  coast  chain  extends  in  Venezuela 
north  and  east  of  the  eastern  continuation  of  the  Andes,  the 
hUls  rising  to  the  height  of  about  7,000  feet,  directly  from  the 
sea.  The  western  extremity  of  this  range  is  the  lofty  moun- 
tain of  St.  Martha,  which,  at  a  height  of  19,000  feet,  and 
deeply  covered  vrith  perpetual  snow,  rises  as  a  landmark  in 
the  extensive  plain  betweeu  the  delta  of  the  Magdalena  and 
the  Lake  of  Maracaybo. 

On  the  Atlantic  coast  of  South  America  the  only  consider- 
able mountain  chains  are  in  Brazil.  Two  parallel  ranges 
cross  the  country  from  north  to  south,  the  greatest  height 
attained  being  between  6,000  and  7,000  feet.  In  North 
America  the  Alleghany  Mountains  commence  in  Alabama, 
and  range  with  a  breadth  of  from  60  to  120  miles  to  the 
Catskill  Mountains,  on  the  Hudson.  Their  greatest  height 
(in  North  Carolina)  is  6,476  feet,  but  their  general  range  is 
less  than  half  that  elevation.  The  Gatskills  rise  to  nearly 
4,000  feet. 

In  the  continent  of  Australia  there  are  no  lofty  mountain 
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chains.  One  important  system,  however,  ranges  along  th» 
east  coast,  in  a  nearly  north  and  south  direction,  through  35- 
degrees  of  latitude,  and  is  then  continued  into  New  Guinea^ 
connecting  itself  with  the  islands  that  join  Asia.  It  is  also 
continued  southward  into  Tasmania.  This  chain  nowhere 
recedes  more  than  150  miles  from  the  coast.  Its  height 
varies  in  different  parts  from  2,500  to  more  than  5,000  feet 
above  the  sea  ;  the  loftiest  point,  Mount  Kosciusko,  being: 
6,500  feet.  These  mountains  are  exceedingly  wild  and  rug- 
ged, and  have  numerous  spurs  projecting  at  right  angles  from 
the  chain,  forming  dark  and  almost  subterranean  gullies 
nearly  inaccessible,  and  helping  to  render  the  chain  mucb 
more  formidable  than  far  loftier  elevations  in  other  countries. 
The  extension  of  this  chain  into  New  Guinea  is  very  much 
more  lofty. 

New  Zealand  exhibits  a  mountain  chain  of  great  elevatioit, 
ranging  nearly  parallel  to  that  of  Eastern  Australia.  These- 
southern  alps  include  a  large  number  of  pyramidal  peaks, 
rising  more  than  10,000  feet  above  the  sea.  Mount  Cook,  the 
highest  of  all,  is  1 2,460  feet  high.  This  great  back-bone  runs 
through  the  islands  from  north-east  to  south-west,  about  80 
miles  from  the  west  coast.  Very  lofty  passes,  from  6,500  to. 
8,000  feet  high,  intervene  between  the  peaks.  Gigantic  gla- 
ciers occupy  the  higher  valleys,  and  reach  down  more  than  12 
nules  into  the  lower  country.  Many  of  the  mountains  are 
volcanic. 

Such  is  a  brief  outline  of  the  great  mountain  chains  of  our 
.  globe.  Grand  as  they  are  they  are  not  excessive  compared 
with  the  earth's  diameter,  and  there  is  nothing  in  their  histoiy 
that  removes  them  from  the  existing  state  of  things.  To  a 
very  large  extent  they  are  water-worn  having  been  denuded  of 
coverings  of  softer  and  newer  rock.  All  that  has  once  covered 
them  has  been  carried  away  during  the  long  process  of  elevation 
and  now  forms  other  and  yet  more  recent  deposits.  These 
are  either  still  at  the  sea  bottom  or  have  been  lifted  up  since 
the  commencement  and  during  the  progress  of  the  upheaval 
that  has  converted  a  former  smooth  sea  bottom  into  a  lofty 
and  serrated  ridge. 


CHAPTER  VI. 
HILLS,  PLATEATJX,  LOW  PLAINS,  AND  VALLEYS. 

Hills. 

Hills  and  mountains  are  often  regarded  as  involving  similai 
conditions  of  the  earth's  surface,  differing  only  in  degree  ;  and 
it  is  difficult  to  give  distinctive  definitions  in  popular  language 
that  shall  be  both  clear  and  unexceptionable.  But  in  physical 
geography  we  may,  with  some  advantage,  distinguish  between 
them.  We  may  regard  as  mountains  either  isolated  masses 
of  rock  of  great  elevation,  or  several  ridges  connected  to- 
gether by  similar  rocks  in  a  definite  manner,  and  forming  con- 
tinuous chains.  In  a  small  district,  or  island,  very  moderate 
elevations  will  be  regarded  as  mountains  ;  while  in  a  country 
of  great  extent,  very  high  ground  will  stiU  be  regaifded  as  hill- 
country.  Mountains  are  generally  in  continuous  groups,  and 
liills,  on  the  other  hand,  are  disconnected  and  isolated.  Geo- 
logically, mountain  chains  exhibit  in  some  part  of  their  struc- 
ture metamorphic  rocks,  from  whence  we  conclude  that  the 
whole  mass  now  elevated  was  once  buried  at  a  very  great  depth 
below  the  earth's  surface.  Hills,  on  the  other  hand,  though 
they  may  be  formed  of  metamorphic  rock,  more  usually  con- 
sist of  the  ordinary  stratified  rocks  of  the  district.  Both  have 
been  very  greatly  modified  by  weathering  and  denudation,  or 
in  other  words,  have  been  worn  away  by  the  action  of  water 
and  weather  since  they  were  formed;  but  mountains  have 
generally  been  cleared  of  a  large  part  of  the  soft  material  once 
covering  them,  and  are  left  projecting,  at  least  in  part,  above 
^his  covering,  while  the  hills  are  rarely  laid  bare  so  completely 
—soft  rocks  still  covering  their  surfaces.  '  Mountain  chains  are 
generally  lofty,  and  hills  only  of  moderate  elevation.    Moun- 
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tain  forms  are  jagged  and  picturesque — ^hills  present  smooth, 
and  rounded  outline.  These  are  general  distinctions,  visible 
A)  the  eye.  In  structure,  there  are  some  others,  but  they  are 
of  little  importance,  as  the  distinction  has  never  been  made- 
with  much  accuracy,  and  we  need  not  now  attempt  it.  There 
are  many  exceptions  to  any  nomenclature.  Thus,  the  Malvern. 
Hills,  according  to  strict  definition,  are  mountains. 

The  subordinate  elevations  of  a  continent  may  be  of  great 
absolute  height,  although  very  little  above  the  level  of  the- 
surrounding  plains.  It  is  evident  that  elevation  is  relative, 
and  that  hills  may  be  several  thousand  feet  above  the  sea  and 
yet  only  a  few  hundred  feet  above  the  general  level  of  th* 
land  from  which  they  rise.  Thus,  the  mountains  of  Wales^ 
and  the  hills  in  the  great  valley  of  Switzerland,  attain  nearly 
the  same  height  above  the  sea ;  but  inasmuch  as  the  first  rise 
directly  from  the  sea  without  intermediate  terraces  of  land, 
and  the  others  rise  from  a  lofty  plateaux,  the  mountain  cha- 
racter in  Wales  is  as  well  preserved  as  that  of  the  Alps  them' 
selves,  while  the  numerous  hills  of  Switzerland  are  simple 
undulations.  Hills,  therefore,  are  distinct  physical  pheno- 
mena, and  are  of  some  value  as  marking  the  general  character 
of  a  district.  They  are  also  important  as  frequently  marking 
the  limits  of  natural  drainage  areas.  They  assist  in  the  na- 
tural drainage,  partly  by  attracting  clouds  and  condensing 
them  into  rain ;  partly  by  affording  slopes,  down  which  the 
rain  passes  into  wider  channels  between  them  ;  and  partly  by 
giving  a  certain  amount  of  shelter  against  the  influence  of  pre- 
valent winds.  Such  winds,  passing  over  plains  of  great  extent, 
hecome  intensified,  and  acquire  a  very  mischievous  strength. 
In  hilly  countries  they  are  broken  up,  distributed  as  it  were 
among  the  valleys,  and  greatly  checked  in  their  course. 

Hilly  ground  sometimes  occupies  an  intermediate  positioo- 
between  mountain  tracts  and  perfectly  flat  plains.  There  are, 
however,  very  extensive  districts  far  away  from  mountains 
that  are  gently  undulated  or  rolling.  The  cause  of  the  former 
condition  may  be  found  in  the  geological  structure  of  the  dis- 
trict, and  they  are  produced  by  such  disturbances  and  subse- 
quent denudations  as  those  to  which  the  mountains  themselves^ 
are  due.  The  latter  are  probably  the  result  of  denudation 
only,  if  we  include  ice  with  water  as  a  cause  of  denudation. 
In  some  cases  the  hills  are  of  the  same  rock  and  of  the  same- 
hardness  as  the  intervening  lower  spaces  or  plains.    In  others. 
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they  are  of  harder  rock,  and  mark  important  facts  in  the  geology 
of  the  country.  There  are,  however,  many  hills  of  sand,  clay, 
or  gravel,  consisting  of  heaps  of  such  material  super-imposed 
on  hard  rock,  with  which  they  are  quite  unconformable.  There 
aie  many  well-marked  hilly  districts.  In  England,  as  those 
most  likely  to  be  most  familiar  to  the  reader,  we  may  mentioi» 
the  Malvern  Hills,  of  syenite,  which  are  structurally  moun- 
tains ;  the  Cotteswold  Hills,  of  oolite,  resulting  from  elevation 
and  denudation ;  and  the  range  of  the  South  Down  Hills,  of 
chalk,  whose  form  is  due  to  weathering  and  denudation .  All  these 
are  low  but  perfectly  distinct,  and  all  are  geologically  marked. 
The  two  latter  represent  the  escarpments  of  important  strata, 
very  uniformly  distributed  through  the  country.  The  former, 
though  they  have  no  doubt  undergone  enormous  denudation, 
present  now  an  excellent  example  of  the  class  of  elevations  of 
hard  rock  which,  on  a  larger  scale,  would  be  called  mountain 
chains.  In  Europe,  north  of  the  mountain  chain,  where  there 
is  a  vast  expanse  of  plains,  these  are  broken  at  intervals  by  a 
few  hill  ranges.  Among  them  are  the  Waldai  Hills,  not  more 
than  300  feet  above  the  sea,  but  very  well  marked.  But  we 
need  not  pursue  the  subject  further,  as  groups  of  hills,  though 
locally  interesting,  and  often  very  picturesque,  are  hardly  of 
sufficient  importance  iu  physical  geography,  or  sufficiently  dis- 
tinct as  physical  phenomena,  to  make  it  desirable  to  designate 
them  as  belonging  to  the  various  natural  divisions  of  the  globe. 
They  are  often,  however,  suggestive  to  the  geologist,  and  can 
never  be  neglected  with  safety,  in  an  estimate  of  the  physical 
features  of  a  country,  especially  in  reference  to  climatal  ques- 
tions. 

It  is  not  always  possible  to  adapt  the  common  and  recog- 
nised language  of  every -day  life  to  any  strict  rule  of  special 
terms ;  and  it  has  already  been  pointed  out  that  few  words  are 
less  manageable  in  this  respect  than  those  we  are  now  con- 
sidering. What  is  a  hill  in  one  country  is  a  mountain  in 
another ;  and  neither  by  form,  stjnicture,  height,  or  any  other 
peculiarity,  can  we  draw  a  line  that  shall  include  all  that  it  is 
desirable  to  include,  and  exclude  what  has  no  clear  right  to  be 
included. 

But  hills,  though  they  often  cannot  be  distmguished  with 
certainty  from  mountains,  can  hardly  be  mistaken  for  plains  ; 
nor  are  plain  countries  likely  to  be  described  as  hilly.  Even 
tbjg,  however,  is  not  a  rale  without  exceptions,  as  some  of  the 
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great  plateaux,  and  others  smaller  but  sufficiently  definite,  are 
occasionally  so  far  intersected  by  gorges  and  ravines,  and  the 
sharp  edges  of  the  fractures  are  so  far  worn  away,  that  their  table- 
shape  is  almost  lost  sight  of,  and  they  become  reduced  to  an 
appearance  of  hills  and  valleys,  more  or  less  systematic.  Those 
who  have  visited  the  Saxon  Switzerland  on  the  right  bank  of 
the  Elbe,  not  far  from  Dresden,  may  call  to  mind  a  tract  of 
land  certainly  originally  a  plateaux,  but  now  reduced  by  the 
eroding  action  of  water  to  a  number  of  detached  and  grotesque 
protuberances,  which  a  little  rounding  might  convert  into  hills. 
The  Quantock  hills,  in  Somersetshire,  and  the  hills  of  Derby- 
shire, afford  other  examples  ;  and  in  different  parts  of  Europe 
are  innumerable  illustrations  of  similar  kind.  The  Saxon 
Switzerland  is  in  a  sandy  district,  and  its  hills  are  intervals 
between  valleys  of  erosion.  Another  equally  picturesque  tract 
of  limestone  in  the  north  of  Bavaria  (known  as  the  Franconian 
Switzerland)  exhibit  numerous  phenomena  of  the  same  nature 
produced  in  the  same  manner,  on  a  very  different  material, 
may  be  studied  with  advantage.  Thus  hills,  at  least  in  some 
cases,  are  derived  from  high  plains  or  plateaux,  by  the  con- 
tinued action  of  the  weather  on  certain  rocks. 


High  Plains  or  Plateahx. 

Under  the  name  Plateaux,  may  be  included  all  those  plains 
whose  mean  elevation  exceeds  600  feet,  and  which,  for  the  most 
part,  rise  at  once,  or  rapidly,  from  the  sea,  or  from  lower 
plains.  This  definition  is  arbitrary,  but  convenient.  Of  such 
plains  there  are  many  in  all  the  principal  divisions  of  the  land. 
Some  of  them  sure  very  greatly  elevated,  and  some  of  enormous 
extent.  They  are  everywhere  marked  by  peculiarities  of 
climate  and  vegetation.  They  often  occupy  positions  between 
and  amongst  mountain  ranges,  but  to  this  there  are  important 
"V'pptions  ;  some  apparent,  some  real.  They  always  connect 
'  luiselves  with  the  geological  history  of  the  district  in  which 
iliey  occur,  and  often  with  the  great  axes  of  elevation  that  have 
produced  the  most  striking  physical  features.  We  must  con- 
sider them  systematically,  and  shall  then  proceed  to  describe 
the  low  plains. 

To  begin  with  our  own  country — which,  from  its  small  area 
can  only  present  phenomena  on  a  minute  scale,  but  which, 
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'being  necessarily  familiar  to  its  inhabitants,  is  very  convenient 
-for  reference — we  find  in  it  a  plateau  of  chalk  and  another  of 
the  oolites.  The  granite  of  Cornwall  affords  a  third.  The 
Wiltshire  Downs,  extending  northwards  and  eastwards,  illus- 
trates the  first,  and  connects  true  hill  structure  with  that  of  a 
plateau,  acted  on  by  weathering  and  denudation.  The  general 
range  of  the  Cotteswold  hills,  extending  through  severed  coun- 
ties, and  having  a  general  direction  from  south-west  to  north- 
east, but  everywhere  of  limestone,  is  a  still  better  example. 
Dartmoor,  and  the  adjacent  granite  district,  is  another  equally 
well  marked.  None  of  them,  indeed,  are  very  extensive,  but 
all  have  certain  characteristic  features,  both  of  vegetation  and 
■•climate.  There  is  a  general  feeling  that  the  air  is  more  fresh 
and  invigorating,  and  the  country  more  open  on  these  higher 
grounds,  than  in  the  low  plains  and  valleys. 

France,  also,  has  its  plateaux.     In  the  north,  they  are  not 
much  more  elevated,  nor  greatly  more  continuous  than  those 

•  of  England,  and  they  are  there  of  irregular  elevation,  but  in 
the  middle  of  France  we  find  true  plateaux  of  limestone  rock, 
and  others  of  basalt.  Both  are  of  moderate  extent.  In  the 
extreme  east  of  Europe,  and  also  in  the  Iberian  peninsala, 
similar  phenomena  are  represented  in  a  distinct  form,  and 
on  a  grand  scale.  The  latter  are  more  characteristic ;  the 
former  wuch  more  extensive.  Thus,  to  the  north  of  the 
great  Gerrnoa  and  Sarmatian*  plains  there  is  a  plateau  of 

■moderate  elevation,  extending  for  about  1,500  miles  in  length. 
The  width  is  sometimes  less  than  50  miles ;  in  others,  as  much 
as  200  miles.  The  whole  is  of  a  very  moderate  elevation. 
This  plateau  separates  the  low  plains  of  central  from  those 
oi  northern  Kussia.  Between  the  Sarmatian  plain  and  the 
Pteppes  of  little  Eussia,  is  another — the  Carpathian  plateau, 
't\  ten. ling  for  nearly  800  miles  to  the  east,  though  not  without 
'iiJI'inant  interruptions,  where  it  is  crossed  by  the  Dneiper, 
the  Don,  and  the  Volga.     This,  also,  is  low,  though  abruptly 

•  raised  from  the  sea.  It  is  only  in  the  Iberian  peninsula  that 
we  find  in  Europe  a  large  elevated  plateau. 

The  central  plateau  of  Spain  is  a  tract  consisting  of  neaily 
100,000  square  miles  of  country,  whose  general  elevation  is 

•  Sarmatia  was  the  name  given  by  the  Bomans  to  the  country  in 
I.  Snrope  and  Asia  between  the  Vistula  and  the  Caspian.  It  is  partly 
Asiatic. 
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from  2,000  to  3,000  feet  above  the  sea.  It  is  pardy  sur- 
rounded by  mountains,  and  several  granite  ridges  (sierras)  rise 
out  of  it.  Some  of  these  Sierras  (as  the  Sierra  Nevada)  attain. 
a  very  great  elevation ;  ,others,  the  Sierra  Morena  and  the 
Guadarama  are  less  lofty.  The  great  plateau  is  intersected  by 
ravines,  through  which  the  rivers  flow.  The  surface  consists,. 
for  the  most  part,  of  limestone  rock,  covered  with  a  thin  soiL 
The  limestone  is  somewhat  marly,  and  large  crops  are  grown. 
on  it,  the  whole  country  being  favourable  for  corn  crops, 
and  the  vine  thriving  in  certain  localities.  The  climate  on 
this  table  land  is  somewhat  extreme,  being  hot  and  parched  in 
summer,  and  cold  in  winter.  In  the  low  lands  on  the  south 
and  west  coasts,  the  climate  is  sub-tropical,  and  the  contrast 
is  very  striking. 

The  plateau  of  Spain  extends  into  Portugal.  It  is  separated 
from  France  by  the  Pyrenees,  which  rise  as  a  wall  between 
the  high  land  through  which  the  Ebro  runs,  and  the  low 
plains  of  Languedoc.  Beyond  Languedoc,  are  the  small  lime- 
stone  plateaux  of  central  France,  which  thus  have  a  certain 
correspondence  with  those  of  Spain. 

Asia  is  the  country  of  plateaux.  Lofty  plains  extend, 
occasionally  broken  by  mountain  ranges,  from  the  shores  of 
Asia  Minor  to  the  Pacific  Ocean.  The  breadth  of  the  plateau, 
at  first  rather  narrow,  expands,  by  degrees,  till  it  amounts  to 
as  much  as  3,000  miles.  The  altitude  is  always  considerable. 
In  many  places,  the  plains  are  rent  by  enormous  fissures  of 
great  depth,  traceable  to  considerable  distances. 

The  western  portion  of  these  great  plains  consists  of  the 
table  lands  of  Arabia  and  Iran,  or  Persia.  Each  occupies  an 
area  of  nearly  2,000,000  of  square  miles,  varying  in  height 
above  the  sea,  from  4,000  to  7,000  feet.  The  eastern  portioni 
is  very  much  larger,  amounting  to  nearly  8,000,000  of  square, 
miles.  It  is,  also,  much  loftier ;  some  parts  attaining  an  ele- 
vation of  17,000  feet,  which  is  higher  than  the  loftiest  moun- 
tain peaks  of  Europe.  These  high  lands  rarely  present  a  con- 
tinuous and  absolute  level,  or  resemble,  in  tils  respect,  the 
low  plains,  under  whatever  name  they  are  described.  They 
are  bounded  by  mountains,  and  some  of  the  loftiest  mountains 
of  the  world  rise  out  of  them.  They  not  unfrequently,  also, 
exhibit  mountain  features. 

Among  the  great  plateaux  of  western  Asia  are  included  the- 
cold,  tree-less  plains  of  Armenia,  7,000  feet  above  the  sea,  anj- 
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the  great  salt  desert  and  adjacent  sandy  deserts  of  Irak  and 
Kerman,  in  Persia.  These  are  almost  without  cultiTation ; 
the  sands  being  driven  about  by  the  wind,  or  the  soil  covered 
with  an  efflorescence  of  saltpetre. 

Separated  from  these  by  a  spur  of  the  Himalayan  Moun- 
tains, and  from  the  plains  of  Hindostan  by  the  great  Hima- 
layan chain  are  the  lofty  and  extensive  table  lands  of  Thibet, 
and  the  deserts  beyond.  Under  the  name  Thibet,  is  under- 
stood a  large  and  little  known  part  of  northern  Asia,  ranging 
from  the  north  west  confines  of  British  India  to  the  frontier  of 
China.  There  are  two  divisions  :  the  western  extending  from 
the  sources  of  the  Indus  to  those  of  the  Bramahputra,  and  the 
eastern  as  far  as  the  frontier  of  China.  The  latter  is  the' 
larger,  and  is  sometimes  called  Great  Thibet.  It  was  crossed 
in  1846-7  by  Hue  and  Gabet.  The  former  is  western  Thibet, 
or  Nari,  and  has  been  described  by  Capt.  Strachey.  It  is  a 
vast  and  very  lofty  plateau,  very  cold  and  very  dry.  It  lies- 
chiefly  between  the  40th  and  50th  parallels  of  nortii  latitude, 
but  lie  climate  is  extreme  and  the  coimtry  almost  uninhabit- 
able. It  commences  abruptly  in  the  centre  of  Asiatic  Turkistan- 
as  a  mountainous  table  land,  resembling  the  flat  top  of  a  great 
embankment,  of  which  the  thickness  is  seen  in  tiie  scarp  of 
the  Indian  Himalayans.  The  summit  is  deeply  corrugated" 
with  valleys  and  mountains  in  detail.  The  width  at  first  is 
about  150  miles,  and  the  area  of  this  part  90,000  square 
miles.  The  mean  elevation  is  estimated  at  16,000  feet,  the 
deepest  valleys  nowhere  approaching  within  5,000  feet  of  the 
sea,  and  the  loftiest  summit  rising  to  31,000,  and  in  one  case 
26,400  feet.  The  passes  from  one  valley  to  another  are  with- 
out exception  very  lofty,  ranging  from  16  to  20,000  feet.  The 
eastern  table  lands  of  Thibet  are  less  lofty,  but  more  extensive, 
than  the  western.  To  the  south-east  they  pass  into  an  ex- 
tremely dry,  barren  district,  described  as  the  Deserts  of  Gobi, 
Scha-mo,  and  Scha-ho,  which  continue  with  a  north-easterly 
trend  and  with  little  interruption  to  the  mountains  that  border 
the  Pacific  in  north-eastern  China, — a  distance  of  3,000  miles. 

The  whole  of  Central  and  Northern  Thibet  is  a  level  plain, 
900  miles  long  by  about  500  miles  wide,  raised  to  an  average 
elevation  about  equal  to  the  summit  of  Mont  Blanc,  from  thfe 
western  end  of  Pangong  Lake  in  Cashmere  to  the  frontier  of 
China  Proper.  It  ceases  northwards  about  the  37th  parallel 
of  north  latitude,  and  beyond  it  is  the  depressed  central  basin 
of  NoTthem  Asia. 
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South  of  the  Himalayan  chain  and  the  valleys  of  the 
Oanges  and  Indus  are  the  high  lands  of  India.  These 
comprise  the  plateaux  of  the  Malva  and  the  Deccan,  sepa- 
rated hy  the  Vindhya  mountains.  Much  of  the  surface  con- 
-sists  of  sheets  of  lava  poured  out  under  water,  and  to  this 
is  owing  the  tabular  form  of  the  country,  and  the  gorges 
^produced  by  the  action  of  water  on  the  cracks  in  the  lava 
sheet.  The  Deccan  is  terminated  towards  the  sea  by  the 
eastern  and  western  Ghats. 

Table  lands  may  occur  in  islands.  The  Faro  islands, 
situated  due  west  from  Norway,  rise  at  once  2,000  feet,  and 
present  nearly  the  same  elevation  in  every  part  of  the 
group.  The  north-west  extremity  of  Scotland,  and  the 
central  part  of  Ireland,  are  also  plateaux. 

Africa  consists  of  a  ring  or  belt  of  table  lands  often  of  con- 
siderable elevation,  rising  rapidly  from  the  coast,  or  from  a 
strip  of  low  lands  near  the  coast,  and  then  retaining  the  same 
■elevation  for  very  great  distances.  Within  these  high' lands 
are  the  vast  lakes  recently  discovered,  and  it  would  seem  that 
the  chain  of  plateau  is  almost  unbroken  round  the  whole  coast. 
The  rivers  that  escape  from  the  interior  are  thus  obliged  to 
traverse  enormous  distances  to  reach  the  sea.  The  height  of 
the  plateau  is  generally  from  3,000  to  6,000  feet.  At  the 
Cape  of  Good  Hope  in  the  south  the  breadth  of  the  plateaa 
is  nearly  700  miles,  and  the  Gape  of  Good  Hope  itself  is  the 
•extremity  of  table  land  of  a  pyramidal  form  jutting  out  into 
the  sea.  The  mountains  of  Abyssinia  on  the  north-east 
rise  out  of  the  plateau,  and  so  do  the  extremely  lofty  volcanic 
cones  recently  discovered.  There  appears  to  be  but  one  break 
in  the  high  land,  between  the  Cape  and  the  north-eastern 
■extremity  of  the  continent  of  Africa.  Through  this  the  Zam- 
besi makes  its  way,  after  a  long  course  in  the  interior.  The 
streams  on  the  western  side  south  of  the  equator  appear  to 
•drain  chiefly  the  plateau  itself,  not  crossing  it  by  any  natural 
ifissure. 

Australia  is  a  country  in  which  low  plains  and  plateaus 
prevail  almost  to  the  exclusion  of  mountains  and  valleys.  It 
is  only  on  the  eastern  side  that  there  is  any  considerable 
mountain  range,  and  along  the  whole  of  the  south  and  west 
aoasts  the  land  rises  immediately  to  the  vast  flats  of  the 
interior.  Thus  almost  the  whole  country  partakes  of  the  same 
geographical  features,  and  this  monotony  is  unfavourable  for 
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the  development  of  tiie  higher  vegetable  and  animal  organisms. 
The  greater  part  of  the  western  and  southern  side  of  Australia, 
seems  to  consist  of  plateaux  of  moderate  elevation. 

In  north  America  there  are  plateaux  towards  the  north, 
and  also  between  the  coast  range  and  the  Rocky  Mountains- 
on  the  west  coast.  The  Arctic  highlands,  consisting  chiefly 
of  barren  grounds  beyond  the  60th  parallel,  and  a  somewhat 
extensive  tract  crossed  by  the  upper  waters  of  the  streams - 
that  enter  the  northern  lakes  (Athabasca,  Winnipeg,  &c.)' 
are  elevated  plains,  but  hardly  attain  the  character  of  plateai&, 
as  they  rise,  for  the  most  part,  very  gradually  from  the  low 
plains,  through  which  run  the  Mississippi  and  its  tributaries. 
By  far  the  most  important  of  the  North  American  plains  is 
the  'Great  Basin'  of  California  and  Oregon,  reaching  from 
Mexico  northwards  into  the  Russian  territory.  Its  width  is 
inconsiderable,  compared  with  the  great  length  of  this  plateau, 
which  cannot  be  estimated  at  less  than  2,000  miles,  while  the 
distance  from  the  Sierra  Nevada  to  the  Rocky  Mountains 
nowhere  exceeds  600  nules,  and  is  generally  very  much  less. 
The  greater  portion  of  it  is  little  known.  It  is  at  least 
128,000  square  miles  in  extent,  and  almost  entirely  without 
human  inhabitants.  It  is  volcanic,  and  full  of  salt  lakes,  the 
largest  of  which  is  4,200  feet  above  the  level  of  the  sea,  and 
is  connected  with  the  lake  of  Utah.  The  mean  elevation  of' 
the  plain  is  estimated  at  6,000  feet  above  the  sea.  This  Cali- 
fornian  plain  or  Great  Basin  contains  some  extensive  deserts, 
but  is  on  the  whole  cultivable.  It  is  crossed  by  a  mountain 
chain,  and  also  by  the  Colorado  River,  which  runs  through 
gorges  of  the  most  picturesque  magnificence.  The  descent. 
to  these  and  the  other  gorges  and  ravines  which  abound, 
especially  in  the  southern  part  of  these  plateaux,  is  generally 
extremely  precipitous.  The  plains  rise  in  successive  steps, 
and  this  terrace  character  is  very  distinctly  retained  over  a 
wide  tract. 

Central  America  is  remarkable  for  the  lofty  and  rich  plains- 
of  Mexico,  out  of  which  rise  many  very  lofty  volcanic  moun- 
tains. The  whole  country  lies  between  the  equator  and  the 
Tropic  of  Cancer.  It  consists  of  an  irregular  mixture  of  table 
land  and  mountain,  very  steep  on  the  western  side,  and  with 
low  lands  between  the  eastern  extremity  and  the  Gulf  of 
Mexico  or  Caribbean  Sea.  An  important  part  of  the  whole- 
— the  table  land  of  Guatemala — consists  of  undulating  verdant 
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^plains,  about  5,000  feet  above  the  sea,  spreading  east  in  the 
penivsula  of  Yucatan,  and  everywhere  intersected  by  deep 
Tallevs.  The  land  is  partly  covered  by  magnificent  forests, 
as  its  name  in  the  Mexican  language  is  understood  to  imply. 
The  plains  beyond  and  around  Mexico  are  as  much  as  9,000 
feet  high,  but  diminish  towards  the  north.  They  extend  in  a 
long  and  narrow  strip  to  the  upper  waters  of  the  Bio  del 
Norte. 

In  South  America  there  are  immerous  lofty  plateaux,  but 
they  are  more  remarkable  for  height  than  extent.  They  are 
situated  in  and  among  the  converging  lines  of  the  various 
divisions  of  the  Andes.  One  of  them,  the  Desaguardero,  has 
an  absolute  altitude  of  13,000  feet  above  the  sea.  It  extends 
for  about  500  miles  along  the  top  of  the  Andes,  and  has  a 
breadth  varying  from  30  to  60  miles.  The  whole  area  is 
about  150,000  square  miles.  It  presents  a  considerable 
variety  of  surface.  The  city  of  Potosi  stands  upon  it  at  an 
altitude  of  13,350  feet,  and  the  lake  of  Titicaca,  whose  level 
Is  I3,87d  feet  above  the  sea,  is  on  its  lowest  point.  The 
table  land  of  Quito  is  smaller,  but  also  remarkable.  It  is 
200  miles  long  and  30  miles  wide,  and  is  nearly  10,000  feet 
above  the  sea.  It  is  bounded  by  a  range  of  the  most  magni- 
ficent volcanic  mountains  in  the  world.  Eesides  numerous 
small,  but  lofty  plains,  amongst  the  mountain  chain  of  the 
Andes,  there  is  a  large  tract  of  high  land  on  the  eastern  side 
of  the  chain  in  Patagonia.  The  Patagonian  steppes  are  only 
of  moderate  elevation.  They  are  at  a  dead  level,  and  covered 
with  shingles  to  a  considerable  thickness.  These  stones  have 
all  been  brought  down  from  the  Andes,  and  are  water-worn. 
'Over  them  are  innumerable  boulders,  or  stones  of  larger  size, 
which  have  probably  been  transported  by  ice.  The  vegeta- 
tion of  these  plains  is  stunted,  and  they  support  but  a  small 
variety  of  animals,  though  the  tribes  most  abundant  are 
curious  and  anomalous.  They  are,  however,  extremely  in- 
teresting in  connection  with  the  extensive  low  plains  of  the 
•eastern  part  of  South  America,  which  are  more  remarkable 
and  more  extensive  than  any  others  on  the  face  of  the  globe. 
Ranging  from  latitude  45°  S.  to  13°  N.  latitude  without  inter- 
ruption, they  exhibit  a  not  very  ancient  sea-floor  for  a  distance 
lof  nearly  4,000  miles  under  circumstances  more  than  usually 
'favourable  for  examination. 
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The  following  tabular  statement  of  some  of  the  prmcipal 
tigh  lands  in  different  parts  of  the  world  is  partly  taken  from 
Humboldt  in  his  "  Aspects  of  Nature,"  and  though  by  no  means 
to  be  depended  upon  as  an  exact  statement,  is  valuable  for 
reference : — 


Plateau  of  Auvergne  (France)      .     . 
Bavaria  (Germany)     •     . 
Castille  (Spain)       .     .     . 
Mysore  (India)       .     .     . 
L.  Victoria Nyanza (Cent  Afiica) 
Popayan  (New  Granada) . 
Orange  River  (South  Africal 
Axum  (Abyssinia)        .     . 
Mexico  (Central  America) 
Quito  (Ajides)    .... 
Province  de  los  Pastes  (do.) 
Eastern  Thibet      .     .     . 
Desaguardero  (Andes) 
Western  Thibet     .     .     . 


1,087  feet. 

1,663  „ 

2,239  „ 

2,942  „ 

3,308  „ 

5,756  „ 

6,395  „ 

7,034  „ 

7,483  „ 

9,528  „ 

10,231  „ 

12,000  „ 

13,000  „ 

15,000  „ 


Low  Plains. 

We  come  next  to  the  consideration  of  the  low  plains.  By 
this  term  it  is  meant  to  include  such  comparatively  level  sur- 
faces as  are  little  above  the  level  of  the  sea,  A  very  large 
proportion  of  the  land  is  in  this  state ;  and  it  is,  perhaps,  best 
distinguished  from  the  plateaux, — already  described, — by  its 
gradual  rise  from  the  sea  to  a  low  elevation ;  whereas  the 
plateaux  are  loftier  plains  and  rise  more  precipitously.  Of 
low  lands  there  are  very  extensive  tracts,  absolutely  typical, 
and  about  vfhich  there  can  be  no  doubt.  There  are  also  large 
districts  of  an  intermediate  character,  commencing  near  the 
sea  and  insensibly  rising  to  a  higher  level  These  are  slopes. 
Parts  of  them  may  sometimes  be  regarded  as  plains,  and  other 
parts  as  plateaux.  Though  these  doubtful  and  intermediate 
cases  exist,  they  do  not  interfere  with  the  possibility  of  drawing 
a  line  between  two  conditions  of  the  earth's  surface,  exceedingly 
different.  This  is  the  more  important,  since  the  difference 
greatly  affects  climate,  and  the   distribution  of  plants  and 
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True  it  is,  that  only  in  largf-  tracts  of  land  do  plains  andi 
plateaux  attain  dimensions  sufficiently  extensive  to  influence- 
climate  ;  but  after  all,  such  plains  exist  in  all  the  great  con- 
tinents ;  and  all  extensive  tracts  of  land  consist,  for  the  most 
psurt,  of  such  tracts.  Let  us  consider  some  of  the  most  re- 
markable. 

In  the  great  continent  of  the  old  world,  where  the  Alps  and 
Himalayans,  extending  westwards  to  the  Atlantic  and  east- 
wards to  the  Pacific,  connected  by  important  intermediate- 
chains,  divide  the  whole  into  two  distinct  parts,  the  northern, 
lands  exhibit  plains  and  plateaux  in  all  their  grandeur.  Among 
them,  in  Europe,  are  the  low  flat  lands  of  northern  Germany, 
known  as  the  Germanic  plains ;  the  Baltic  plain,  and  the 
Tundra  of  Scandinavia  and  northern  Eussia ;  the  Sarmatiaa 
plain  of  central  Bussia ;  and  the  steppes  of  Astrakhan  and  Little 
Russia.  The  Kirghis  steppes  and  the  Siberian  plain,  including 
the  plains  drained  by  the  great  rivers  of  northern  Asia,  form 
another  group  of  nearly  connected  areas  belonging  to  the  class- 
of  low  plains  in  Asia  They  are  occasionally  broken  and  di- 
vided by  low  hills,  as  the  Waldai  hills  in  Eussia,  and  even  by 
low  mountain  chains,  of  which  the  Ural  chain  is  the  most  re- 
markable ;  but  these  rise  to  so  small  an  elevation  as  to  vanish 
in  comparison  vrith  the  vast  range  of  low  flat  lands.  Low 
plains  are  the  distinguishing  feature  of  the  northernmost  lands 
of  the  old  world.  They  occupy  a  total  area  of  not  less  than 
14|  millions  of  square  miles,  of  which  the  central  portion  near 
the  Caspian  Sea,  araountmg  to  not  less  than  16u,000  square 
miles,  is  a  depression  below  the  level  of  the  ocean ;  while  another 
portion,  near  the  western  extremity,  would  be  overflowed  but 
for  the  banks  and  dykes  erected  by  man. 

In  the  south-east  of  Europe  the  low  plains  that  assume 
the  name  of  steppes,  are  highly  characteristic.  They  are  ele- 
vated about  60  feet  above  the  level  of  the  Black  Sea.  Through 
them  several  very  large  rivers  run,  and  they  reach  back  towards 
the  Arctic  Ocean  with  little  interruption,  rising  scarcely  at  all, 
but  slightly  interrupted  by  very  low  hills.  These  steppes  are 
phenomena  sufficiendy  remarkable  to  deserve  a  few  words  of 
description  ;  and  they  cannot  be  visited,  even  in  the  most  cur- 
sory manner,  without  exciting  feelings  of  astonishment  on  the 
part  of  those  hitherto  only  familiar  with  the  broken  surface  of 
the  greater  part  of  civilized  and  cultivated  Europe. 
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In  these  steppes  the  seasons  are  very  strongly  marked.  In 
the  spring  and  early  summer  the  land  is  carpeted  by  flowers. 
In  the  summer  it  becomes  parched,  after  yielding  as  food  or 
hay  a  fair  supply  of  mixed  grasses,  which  may  be  stored  for 
winter  use  ;  but  in  thfi  latter  part  of  summer  and  autumn 
it  is  perfectly  bare  and  burnt  up.  In  winter,  which  begins 
in  October,  the  whole  area  becomes  covered  with  snow,  and 
this  remains  until  spiing.  There  are  no  trees  on  those  great 
plains,  and  no  enclosures  of  any  kind ;  but  at  intervals  the 
surface  is  broken  by  hollows  scooped  out  of  the  plain,  to  a 
depth  varying  generally  from  50  to  100  feet;  and  in  most  of 
these  are  villages,  and  some  cultivation,  especially  oq  the  bor^ 
ders  of  the  plain  and  in  the  vicinity  of  the  coast,  or  of  the 
great  rivers.  There  are,  however,  no  roads,  and  indeed  theie  is 
no  material  for  making  them.  One  may  tiavel  for  hundreds  of 
miles  over  the  level  surface  of  the  ground, — over  the  turf  in 
spring,  through  the  thick  dust  in  summer,  and  over  the 
snow  in  winter, — without  seeing  a  single  object  rising  abovt 
the  general  surface  of  the  plain.  The  post  houses,  at  equal 
and  distant  intervals,  are  the  only  signs  of  humanity  and  civi 
lization ;  and  the  cry  of  the  bustard  is  one  of  the  few  sounds 
that  break  the  terrible  monotony  and  stillness  The  dead 
level  of  thin  pasture,  even  if  luxuriant,  soon  fatigues  the  eye  ; 
and  when  the  horses  and  cattle  are  aw'ay  there  is  absolutely 
aothing  for  the  eye  to  rest  upon.  The  travelling  across  the 
steppes,  conducted  with  great  rapidity,  in  a  kind  of  light  cart, 
is  thus  not  so  difficult  as  it  is  tiresome.  But  it  is  only  safe 
in  summer ;  and  when  the  snows  cover  the  ground,  not  only 
does  it  become  dangerous,  from  the  wolves  who  take  refuge  in 
the  hollows,  but  almost  impossible,  owing  to  the  absence  of 
landmarks.  It  is  understood  that  an  entire  corps  d'armie  was 
lost  in  the  steppes  between  the  Dneiper  and  the  Don,  while 
attempting  to  reinforce  the  Russian  army  in  the  Crimea,  dur- 
ing the  war  with  England  and  France.  Throughout  the  south- 
ern part  of  the  steppes  smd  in  much  of  the  country  to  the  east, 
there  is  either  a  thin  soil  or  no  soil  at  all.  This  condition, 
however,  gives  place  in  the  interior  to  a  remarkable  and 
extremely  important  black  soil,  of  extraordinary  riphrif^s 
capable  of  yielding  inexhaustible  supplies  of  wheat  wittout 
any  artificial  treatment  or  any  agriculture,  except  of  the  ri^idest 
kind.  These  parts  of  the  steppes  now  supply  enorraou$  q^i;^^- 
tities  of  com  to  the  great  markets  of  the  world ;  and  wheuppene^ 
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«s  they  soon  ■will  be  much  more  completely,  by  railroads  and 
«t«ara  navigation  on  the  great  rivers,  it  is  certain  that  both 
Russia  and  the  rest  of  Europe  vrill  be  great  gainers.  A  wide 
range  of  the  plains  is,  however,  hopelessly  barren,  and  all  of 
them  depend  much  on  the  occasional  rains.  Wlieii  these  fail 
the  heat  is  excessive,  and  the  sun  rises  and  sets  like  a  globe  of 
fire,  while  during  the  day  a  thick  mist  covers  the  earth.  The 
'drought  soon  becomes  excessive, — the  small  supplies  of  vrater, 
found  at  other  seasons  in  the  hollows,  fail  altogether ;  the 
air  is  filled  with  dust  and  impalpable  powder ;  and  the  cattle 
and  horses  perish  by  thousands,  [n  the  winter  the  case  is 
•equally  bad  :  fearful  storms  often  sweep  over  the  desolate 
plains ;  the  dry  snow  is  driven  by  the  gales  with  a  violence 
which  neither  man  nor  animal  can  resist ;  but  the  sky  remains 
bright,  and  the  sun  shines  cold  and  clear  in  the  blue  vault  of 
heaven.  These  storms  are  especially  frequent  in  the  vast 
Ara'.o  Caspian  plain,  which  is  depressed  below  the  general 
level  of  the  sea,  and  which  is.  to  a  great  extent,  an  ocean  of 
shifting  sand. 

The  Siberian  portion  of  the  low  plains  of  the  great  conti- 
nent occupies  more  than  seven  millions  of  square  miles,  and 
is  partly  covered  by  rich  black  soil,  on  which  grass  and  trees 
grow  with  luxuriance.  Other  and  larger  portions  are  altogether 
barren,  and  the  whole  tract  is  rarely  visited.  It  includes 
plains,  varying  from  a  few  feet  to  as  much  as  1  ,'200  feet  above 
the  sea ;  but  these  are  all  perfectly  distinct  from  the  plateaux 
er  high  plains,  whose  level  is  from  6,000  to  10,000  feet. 

Almost  the  whole  of  northern  Asia,  to  the  north-west  of  tin 
"volcanic  chain  of  Thian-schan ;  all  the  steppes  north  of  the 
Altai  mountains,  and  a  wide  range  of  country  reaching  from 
the  Upper  Oxus  to  the  Caspian,  and  from  Tanghir  through 
the  Kirghis  steppe  to  the  Sea  of  Aral,  belong  to  diis  vast  sys- 
tem of  plains.  The  whole  of  the  Irtysch,  and  almost  all  the  Obi, 
runs  through  them ;  while  the  Yenesei  and  the  Lena,  hardly 
inferior  in  magnitude,  are  also  included  in  the  same  great 
^stem  of  low  lands.  The  plains  of  Hindustan,  between  the 
flanks  of  the  Himalayans  and  the  table  land  of  Malva,  are  also 
of  the  same  nature. 

"Within  the  great  area  of  elevated  land,  of  which  the  moun- 
tain systems  of  the  old  world  are  the  culminating  lines  and 
pointiB,  there  are  some  tracts  of  low  plains  which  belong,  how- 
ever, more  to  valleys  than  to  plains.    To  the  south  of  the  chain 


LOW    PLAINS.  115 

are  some  others  of  greater  importance.  The  largest  of  these  is 
the  plateau  of  the  Sahara,  or  great  desert  of  Africa,  reaching 
from  the  Nile  valley  to  the  shores  of  the  Atlantic  along  a  dis- 
tance of  8,500  miles,  with  a  breadth  which  at  one  point  amounts 
to  1,900  miles.  It  is  estimated  that  two  millions  of  square 
miles  of  land  are  contained  within  the  area  occupied  by  this 
plateau  ;  and  several  portions  of  it,  some  of  considerable  extent, 
are  barely  above  the  level  of  the  Mediterranean.  The  greater 
pjirt  of  the  plateau  is  unsupplied  with  water,  but  the  low  plains, 
called  oases,  are  generally  provided  with  springs,  which  often 
rise  to  the  surface,  and  which  are  supplemented  by  water  ob- 
tained by  artificial  borings.  Most  of  these  are  on  the  eastern 
■(ir  L.vbian  side  of  the  desert,  and  the  largest  is  a  hundred  miles 
long  and  from  one  to  fifteen  miles  in  width.  The  others  are 
much  smaller.  Those  of  the  western  desert  are  smaller,  and 
much  of  this  surface  is  covered  with  salt,  owing  to  the  evapora- 
tion of  the  water  of  brine  springs  that  rise  through  the  lands. 
I'he  larger  tracts  of  real  desert  are  without  plant  or  animal — not 
even  an  insect  is  heard,  and  no  tree  or  shrub  is  seen  during 
Miany  days'  travel.  In  the  glare  of  noon  the  air  quivers  with 
<t  le  heat  reflected  from  the  red  sands  ;  but  the  nights  and  early 
mornings  are  chilly,  owing  to  the  radiation  into  the  cloudless 
sky.  The  traveller  is  frequently  deceived  by  extraordinary 
Effraction,  or  mirage,  produced  by  the  irregular  heating  of 
■certain  strata  of  the  air  above  these  vast  plains.  Water  is 
apparently  seen  in  large  pools ;  and  the  traveller  and  his 
camel  are  induced  to  hurry  on  in  search  of  supplies  which  do 
not  exist  within  hundreds  of  miles. 

About  one-third  of  the  peninsula  of  Arabia  is  a  great  ocean 
of  sand,  from  which  numerous  branches  extend  into  the  central 
and  comparatively  fertile  plateau  forming  the  greater  part  of 
the  country.  The  sands  surround  the  plateau  to  the  south- 
west and  east,  while  to  the  north  is  a  stony  desert.  Outsidd 
the  sandy  girdle  is  a  line  of  mountain  country,  generally  low. 

The  great  sand  ocean  itself  is  impassable,  but  the  inlets  of 
sHnd  that  penetrate  the  central  plateau  give  an  idea  of  its 
nature.  It  is  indeed  terrible.  The  surface  is  heaped  in 
enormous  ridges,  two  or  three  hundred  feet  high  and  perfectly 
loose.  There  is  no  halting  when  crossing  these  deserts,  and 
the  extreme  diflSculty  of  moving  across  hills  and  valleys  of  loosje 
heated  sand  renders  the  transit  dangerous  in  the  highest  de- 
cree. There  are  no  oases,  and  no  fertile  tracts, — scarcely  evea 
the  faintest  show  of  Tegetation. 
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Mr.  Palgrave,  a  recent  traveller  into  the  interior  of  Arabia, 
speaks  of  the  desert  as  "  an  immense  ocean  of  loose  reddish 
sand,  unlimited  to  the  eye,  and  heaped  up  in  enormous  ridges, 
running  parallel  to  each  other  from  north  to  south,  undulation 
after  undulation,  each  swell  ahout  200  or  300  feet  in  average, 
with  stout  sides  and  rounded  crests,  furrowed  in  every  direc- 
tion by  the  capricious  gales  of  the  desert.  In  the  depth  be- 
tween, the  traveller  finds  himself,  as  it  were,  imprisoned  in  a 
suffocating  sand-pit,  hemmed  in  by  burning  walls  on  every 
side ;  while  at  other  times,  while  labouring  up  the  slope,  he 
overlooks  what  seems  a  vast  sea  of  fire,  swelling  under  a  heavy 
monsoon  wind,  and  ruffled  by  a  hot  blast  into  Uttle  red-hot 
waves.  Neither  shelter  nor  rest  for  eye  or  limb  amid  the  tor- 
rents of  light  and  heat  poured  from  above  on  an  unanswerable 
glare  reflected  below." 

Through  this  desert  the  way  leads  to  the  central  plateau  of 
Arabia,  formed  by  two  mountain  ranges  and  the  plateaux  fall- 
ing off  from  them.  The  northernmost  of  these,  consisting  of 
two  parallel  ridges,  runs  north-east  and  south-west,  from  40<> 
to  44°  E.  long.  The  more  southerly  range,  separated  from 
the  former  by  a  narrow  belt  of  desert,  and  running  crescent- 
shaped  from  north  by  south  to  west,  occupies  more  than  four 
times  the  extent  of  the  first,  and  forms  the  backbone  of 
Arabia. 

Extensive  tracts  in  the  very  centre  of  Africa  must  consist 
of  low  plains.  Through  these  pass  the  waters  that  drain  into 
the  interior  from  the  coast  ranges,  and  afterwards  issue  in  one 
large  stream,  the  Zambesi,  much  of  which  is  lost  before  it 
reaches  the  Indian  Ocean.  Africa,  south  of  the  tronics,  may 
be  described  as  an  outer  belt  of  high  lands,  and  an  inner  arena 
of  low  plain. 

North  America  has  about  2  J  millions  of  square  miles  of  low 
plains,  divided  into  three  classes,  extremely  different  in  climate, 
in  general  aspect  and  in  productions.  The  varieties  are  (1), 
heathy  or  bushy  plains ;  (U),  dry  or  rolling  prairies,  chiefly 
grassy,  and  often  very  extensive ;  and  (S),  alluvial  or  wet 
prairie,  abounding  in  pools,  and  frequented  by  the  gigantic 
deer  and  by  wild  horses.  Vast  tracts  of  sand,  covered  with 
pine,  called  pine-barrens,  occur  on  the  south-eastern  side  of 
the  continent.  The  wide  spread  of  savannahs  on  the  banks  cf 
the  Mississippi  are  covered  with  long  grass  in  the  north,  and 
■with  a  few  trees  in  the  south,  wherever  the  deep  black  soil  is 
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not  taken  advantage  of  for  profitable  cultivation.  The  expanse 
to  the  west  of  these  savannahs  is  unfit  for  cultivation,  and  is 
<!alled  the  American  desert.  It  is  crossed  by  the  upper  waters 
of  all  the  great  feeders  of  the  Arkansas  and  the  Missouri, 
both  of  which  belong  to  the  Mississippi. 

In  the  north  the  shores  of  Hudson's  Bay  to  a  distance 
varying  from  900  to  700  miles  are  all  low  lands,  and  form  the 
great  northern  plains  of  America,  which  correspond  with  the 
northern  plains  of  Asia.  Thus,  the  northern  hemisphere  con- 
tains a  vast  preponderance  of  low  flat  lands  towards  the  pole, 
whose  general  level  is  less  than  500  feet  above  the  sea.  These 
are  rarely  interrupted  in  any  way,  either  by  hills  or  plateaux, 
and  they  are  watered  by  innumerable  streams,  often  en- 
larging into  pools  and- small  lakes.  The  streams  often  dis- 
appear in  an  almost  insensible  manner,  being  lost  beneath 
shoals  and  sands,  that  sometimes  seem  to  have  been  recently 
■covered  with  water,  but  that  are  more  frequently  in  the  way 
of  being  converted  into  similar  swamps  to  those  already  ex- 
isting in  this  part  of  the  world. 

South  America  is  pre-eminently  a  land  of  plains.  Of  these 
the  Llanos  of  the  Orinoco  and  the  Amazons  in  the  north,  and 
the  Pampas  of  Brazil,  Buenos  Ayres  and  Patagonia,  are  equally 
jnarvellous  for  their  extent,  their  condition,  and  their  products. 
Each  requires  some  little  description  to  familiarise  the  reader 
with  the  various  phenomena. 

Of  the  Llanos  there  are  two  kinds ;  the  Silvas  or  forest 
plains  and  the  Llanos  proper,  which  are  entirely  destitute  of 
trees.  Parts  of  the  latter  are  called  the  Llanos  Altos,  and 
form  a  very  low  barren  plateau,  but  the  greater  portion  are 
grassy. 

The  Silvas  are  those  portions  of  the  plains  watered  by  the 
Amazons  that  are  occupied  exclusively  by  forest  trees.  There 
is  more  than  a  million  of  square  miles  of  such  country,  of 
which  at  least  a  fifth  part  is  annually  inundated.  The  whole 
is  covered  with  thick  wood,  interpenetrated  by  innumerable 
creeping  and  trailing  plants.  The  forest  comes  down  to  the 
•water's  edge,  and,  owing  to  the  amount  of  rain-fall,  which  is 
excessive,  the  intense  tropical  heat,  and  an  inconceivably  rich 
•soil,  derived  largely  from  decomposed  vegetation,  the  condi- 
itions  of  life  are  favourable  in  the  highest  degree  for  certain 
ikinds  of  plants  and  some  animals,  but  quite  unfavourable  for 
the  presence  of  man.     The  native  Indians,  very  few  in  num-r 
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ber,  are  sunk  in  the  lowest  barbarism,  and,  hitherto,  it  has 
been  found  impossible  to  establish  settlements  of  importance 
by  white  men,  although  the  river  is  navigable  and  there  are 
many  extremely  valuable  products  growing  abundantly  in  the 
forests. 

The  "  Llanos  proper"  commence  on  the  banks  of  the  Orinoco, 
where  that  stream  connects  by  a  natural  canal  with  the  Rio 
Negro  of  the  Amazons.  The  width  gradually  increases  towards 
the  Gulf  of  Mexico,  and  in  this  part  they  occupy  nearly 
350,000  square  miles.  A  very  small  part  of  the  delta  of  the 
Orinoco  is  wooded,  but  the  rest  is  only  covered  with  occasionHl 
growth.  The  whole  lies  between  the  equator  and  the  tentli 
parallel  of  north  latitude,  and  corresponds  exactly  in  position 
with  the  Silvas,  which  lie  between  the  equator  and  the  tenth 
parallel  of  south  latitude.  The  conditions  are,  however,  some- 
what different.  The  banks  of  the  Orinoco  rise  gently  towards 
the  interior,  but  only  at  the  rate  of  five  feet  in  a  mile.  At  tlie 
distance  of  a  hundred  miles  from  the  river,  and  at  an  elevation 
of  500  feet,  there  is  a  succession  of  low  banks  about  six  feet 
above  the  slope,  and  these  extend  for  a  considerable  distance,. 
forming  a  sandy  terrace  upon  open  limestone  rock,  generally 
barren,  but  bearing  some  grasses  and  supplying  water  to  the 
plains  below.  This  barren  and  comparatively  small  part  of  the 
Llanos  is  called  the  "  Llanos  Altos,"  and  occupy  the  northern- 
most portion  of  the  South  American  coast. 

The  larger  and  more  level  Llanos  lie  alpng  the  base  trf  the 
rocky  elevations,  which  commence  with  the  chain  of  the  Andes 
and  extend  from  the  equator  to  latitude  9°  N.  Though  more 
distant  from  the  ocean,  these  are  lower  than  the  portions  just 
described.  They  commence  at  an  elevation  of  a24  feet  above 
the  sea,  and  only  rise  to  500  feet  as  a  maximum.  They  are 
80  nearly  level  that  the  currents  of  the  rivers  crossing  them 
are  imperceptible,  and  the  waters  of  each  are  sent  back  towards 
their  sources  by  strong  winds  or  by  the  occasional  floods.  Iti 
these  plains  there  are  no  stones  or  rocks,  not  even  a  pebble  to 
be  seen,  and  in  this  respect  they  agree  with  the  Steppes  of 
Little  Russia  and  Tartary.  There  are,  also,  no  inequalities 
except  some  low  hills  of  sand  rising  a  few  yards  above  the  com 
mon  level,  and  some  slightly  elevated  grounds,  having  an  area 
of  about  a  hundred  square  miles,  only  discoverable  by  a  prac- 
tised eye,  and  whose  surface  is  also  perfectly  level  The  rock 
is  a  mixture  of  sand  and  calcareous  rook,  but  is  covered  witb 
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mould.  Grass  grows  freely  upon  it,  but  there  are  neither 
trees  nor  bushes,  except  a  few  isolated  palm  trees  at  great  dia- 
tances  apart,  and  a  few  bushes  on  the  banks  of  the  streams 
They  singularly  resemble  in  this  the  conditions  of  the  Euro- 
pean low  lands,  but  have  received  less  modification  from  tho 
hands  of  man. 

The  Pampas  are  treeless  plains,  extending  from  about  20<» 
S.  latitude  into  Patagonia,  occupying  a  total  length  of  mora 
than  9,000  miles.  The  breadth  varies  greatly,  but  is  in  few 
places  less  than  500  miles,  and  sometimes  more.  The  area 
included  is  not  less  than  a  million  of  square  miles.  Com- 
mencing within  the  tropics,  and  reaching  to  the  46th  degreo 
of  south  latitnde,  these  plains  stretch  across  the  greater  part 
of  the  south  temperate  zone,  and  are  thus  exposed  to  much 
variety  of  climate.  The  northern  part  is  crossed  by  the  tri- 
butaries of  the  Plata,  but  to  the  south  of  Buenos  Ayres  the 
rivers  are  fewer  and  smaller. 

The  north-western  Pampas  consist  of  slightly-undulating 
and  dry  plains,  covered  with  luxuriant  grass,  and  having  occa- 
sionally enormous  tracts  occupied  by  thistles,  which  grow  to 
the  height  of  eight  or  ten  feet,  and  which  are  useful  as  fuel. 
Beyond  these,  to  the  west,  is  an  extensive  pastoral  district, 
and  still  beyond  an  agricultural  district.  The  surface  of  the 
former  is  almost  everywhere  a  dead  level,  but  large,  shallow 
salt  lakes  occur  in  depressions  of  no  great  depth.  One  of 
these  lakes  measures  50  miles  in  length  by  20  miles  in  width, 
but  the  others  are  smaller.  The  soil  is  good,  consisting  of  a 
dark  friable  mould,  without  pebbles.  There  is  no  g]-o\\th  of 
trees,  and  no  permanent  water-courses  irrigate  the  soil.  This 
part  of  the  Pampas  affords  admirable  feeding  ground  for  lioraes 
and  cattle,  which  were  introduced  by  the  Spaniards,  and  have 
replaced  the  llama,  which  was  the  indigenous  ruminant  of 
the  South  American  plains.  It  has  been  estimated  that  a 
million  of  wild  cattle  and  three  million  horses  are  fed  on  these 
plains. 

The  agricultural  district  is  less  level  than  the  pastoral,  the  soil 
consisting  of  loose  sand  impregnated  with  saline  matter,  and 
being  quite  unfitted  for  the  growth  of  the  grasses.  When  irri- 
gated, however,  it  becomes  fertile,  and  is  well  adapted  for  fruit 
trees.  Towards  the  north  these  lands  pass  into  a  salt  desert, 
which  is  a  wide  plain  reaching  northwards  about  1 50  miles,  and 
having  a  breadth  of  about  200  miles.    The  whole  of  this  is  level 
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and  smooth  as  a  floor,  and  is  snow-white  with  salt  incrusta- 
tions. Little  rain  falls,  dews  are  unknown,  and  the  treelesy 
and  shrubless  waste  is  broken  only  by  a  few  stunted  and  leaf- 
less bushes. 

South  of  the  river  Salado  the  land  consists  of  a  number  of 
step-like  terraces,  running  north  and  south,  each  slightly  rising 
to  the  south  and  west.  These  steps  are  generally  sterile,  but 
sometimes  covered  with  verdure,  especially  in  the  months 
vliich  in  that  latitude  are  spring.  The  surface  is  diversified 
Vy  huge  boulders,  tufts  of  brown  grass,  and  low  bushes  armed 
with  spines.  There  are  numerous  brine  lakes  with  white, 
^now-like  incrustations  of  salt.  There  are  also  platforms  of 
black  lava,  like  plains  of  iron.  In  these  plains  there  are  in- 
tersecting streams,  but  water  fails  to  fertilise  the  soil.  The 
transitions  from  heat  to  cold  are  rapid  in  the  extreme,  and  very 
great.  Piercing  winds  also  rush  in  hurricanes  across  the  dis- 
trict. The  northerly  extremity  forming  the  Pampas  of  Buenos 
Ay  res  are  somewhat  more  irregular  in  surface,  but  dry.  The 
southern  part  is  largely  occupied  by  swamps  and  lagoons,  one 
of  them  having  an  area  of  more  than  1,000  square  miles, 
covered  entirely  by  aquatic  plants.  These  swamps  are  liable  to 
be  flooded  by  the  rivers,  which  also  inundate  the  plains,  de- 
stroying vast  numbers  of  cattle,  but  leaving  behind  thick  beds 
of  fertilising  mud.  All  these  Pampas,  therefore,  differing  as 
they  do  in  position,  climate,  soil,  and  surrounding  circum- 
stances, have  certain  characters  in  common  connecting  them 
with  the  low  plains  in  other  parts  of  the  world,  both  in  the 
great  continent  and  in  America. 

Australia,  in  some  respects,  resembles  Africa,  in  having  ex 
tensive  low  plains  in  the  interior  of  the  country ;  but  differs, 
inasmuch  as  there  is  but  little  elevated  land  near  the  sea. 
The  exact  level  of  many  of  the  great  table  lands  of  Australia 
is  not  yet  known,  and  a  large  extent  of  the  vast  interior  may, 
perhaps,  be  sufficiently  above  the  level  of  the  sea  to  deserve 
being  called  plateaux  rather  than  plain.  Towards  the  south, 
however,  there  is  a  well-known  sheet  of  water,  called  Lake 
Torrens,  which  is  often  nearly  or  quite  dry.  Eound  this,  and 
far  into  the  interior,  is  a  level  tract  not  very  much  above  the 
sea  level,  and  plains  almost  unbroken  range  to  an  unknown 
distance,  rising  gradually  into  plateaux. 

There  are  many  other  low  plains  of  smaller  extent  in  dif- 
ferent parts  of  the  world.     Such  are  the  deltas,  at  and  near 
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flie  mouths  of  rivers ;  others  are  large  level  tracts,  more  in 
the  interior  of  islands  and  continents  ;  but  all  have  the  same 
general  characters.  In  a  very  large  number  of  the  most  ex- 
tensive of  these  plains  salt  abounds.  Either  there  are  salt 
incrustations  or  the  waters  are  brackish.  Where  this  is  not 
the  case,  there  are  often  barren  sands  or  naked  rock,  without 
soil.  But  where  there  is  soil  and  a  certain  amount  of  moisture, 
either  extensive  forests  cover  the  ground  or  there  is  an  annual 
growth  and  succession  of  grasses.  The  saline  character  of 
the  soil  and  water  does  not  prevent  a  large  amount  of  vegeta- 
tion, but  it  greatly  interferes  with  cultivation,  as  such  districts 
are  rarely  habitable  by  any  races  of  civilised  man. 

Among  the  smaller  tracts  of  low  plains,  those  strips  which 
occur  on  the  north  and  east  coasts  of  South  America  are,  per- 
haps, the  most  important.  Connected  with  the  forest  plains 
of  the  Amazons  and  the  Llanos  of  the  Orinoco,  they  extend 
almost  uninteiTuptedly  from  the  mouths  of  the  Orinoco  to  Rio 
Janeiro  for  about  3,000  miles  ;  and  then,  with  an  interval  of 
500  miles,  there  is  another  strip,  600  miles  long,  to  the  mouth 
of  the  Plata.  The  breadth  is  rarely  150  miles,  and  not  gene- 
rally so  much  as  100,  while  in  many  places  it  is  less  than  50. 
Beyond  them  rise  the  mountain  masses  of  Guyana  towards  the 
north,  and  Brazil  towards  the  east.  They  are  crossed  by  in- 
numerable streams,  running  down  from  the  mountain  sides  to 
the  ocean. 

As  a  general  conclusion  to  this  notice  of  hills,  low  plains, 
and  table  lands,  it  may  be  well  to  recall  to  the  reader's  at- 
tention the  fact,  that  the  most  remarkable  low  plains  are  on 
the  eastern  side  of  South  America,  where  the  geological  struc- 
ture indicates  modern  deposits  on  the  most  gigantic  scale. 
The  low  plains  of  the  old  world,  only  second  in  importance, 
are  also  chiefly  the  floors  of  seas,  from  which  the  ocean  has 
not  long  receded.  Tn  the  other  hand,  the  high  plains  are 
chiefly  amongst  or  near  the  great  axes  of  elevation,  both  in 
the  old  and  new  world.  They  are  very  extensive  and  strongly 
marked,  both  on  the  north  side  of  the  great  mountain  chain 
of  Asia,  as  in  Thibet,  in  the  desert  of  Gobi,  in  Persia,  and  in 
Arabia.  They  extend  in  a  similar  way  from  Arabia  to  Abys- 
sinia. In  Africa  they  present  a  new  feature  ;  and  instead  of 
forming  belts  on  e.<)ch  side  a  lofty  mountain  chain,  they  form 
a  wide  ring,  round  a  depression  of  very  remarkable  character. 
In  Australia  their  position  is  similar. 
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In  America,  we  see  the  old  peculiarities  recur,  though  in  » 
very  limited  manner.  There,  the  position  of  the  high  plains 
corresponds  with  that  described  as  characteristic  of  the  Iberian 
peninsula ;  not  with  the  plateaux  of  Iran  and  Thibet.  It. 
other  words,  they  occur  within  the  elevated  area,  not  on  its 
outskirts.  These  plains  are  very  small  in  dimensions,  com- 
pared with  those  of  Asia,  but  they  are  very  lofty  and  very 
characteristic. 

The  plains  of  the  earth  are,  beyond  question,  the  most  im- 
portant portions  of  its  surface,  in  reference  to  organic  life  of  all 
kinds.  They  include  the  valleys  of  the  principal  rivers,  which 
are,  in  fact,  but  high  or  low  plains  traversed  by  streams. 
Growing  and  living  habitually  in  the  valleys  and  on  the 
plains,  are  almost  all  the  great  varieties  of  form  of  vegetable 
growth,  almost  all  the  insects  and  other  land  invertebrata,  and 
most  species  of  reptiles.  The  innumerable  birds  that  people 
the  air  find  habitations  in  the  forests,  or  feed  on  the  fruits  of 
these  comparatively  sheltered  districts,  and  except  where  the 
soil  is  only  bare  hard  rock  or  loose  sand,  where  no  rain  falls, 
or  where  salt  incrustations  cover  the  surface,  there  is  always 
life  in  sorne  form. 

Many  of  the  plains,  also,  are  specially  marked  by  some 
vegetation,  or  by  some  tribes  of  animals.  The  Asiatic  plains 
are  richer,  in  this  respect,  than  the  American,  and  the  tropical 
plains  are  characterised  by  modes  of  growth  different  from  those 
common  in  temperate  latitudes.  Thus  the  former,  or  Asiatic 
steppes,  exhibit  numerous  flowering  herbaceous  plants,  while  in 
the  tropics  there  is  a  tendency  in  all  vegetation  to  become 
arborescent.  In  the  Steppes  of  Little  Russia,  both  in  Europe 
and  Asia,  and  in  the  Pampas  of  South  America,  thistles  grow 
to  such  enormous  magnitude,  and  in  such  abundance,  that  at 
certain  seasons  they  overtop  and  exclude  all  other  plants.  In 
northern  Europe,  heaths  replace  all  others.  In  the  desert,, 
the  cactus  alone  exhibits  life.  In  South  America,  the  plain! 
are,  at  one  time,  without  signs  of  life  of  any  kind  ;  at  another, 
so  densely  covered  that  it  is  difficult  to  comprehend  the  possi- 
bility of  a  change  so  starthng,  produced  in  so  incredibly  short  a 
time  as  is  needed  for  the  transformation.  All  that  is  most 
important  in  life  is  done  on  the  plains  and  in  the  valleys,  and 
thus  these  parts  of  the  earth  need  very  close  and  careful  con- 
sideration, if  we  would  understand  Nature's  method  in  adapting 
the  earth  to  the  purposes  of  existence. 
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In  human  history,  also,  plains,  steppes  and  plateaux  pos- 
sess their  own  special  races.  The  inhabitants  of  the  higher 
lands  have  proved  effective  barriers  to  the  mixture  of  races, 
and  they  have  poured  down  their  hardy  inhabitants  to  conquer 
and  change  the  destinies  of  the  peoples  of  the  low  plains. 
Many  times  in  the  history  of  the  human  race,  have  these 
results  been  known  to  have  taken  place,  by  the  evidence  of 
written  records.  How  often  the  same  result  has  taken  place 
before  written  records  existed,  may  be  guessed  at,  but  will 
never  be  known.  "  T^e  pastoral  nations  of  the  Steppes, — 
Moguls,  Getse,  Alani,  and  Usuni, — have  shaken  the  world. 
As,  in  the  course  of  past  ages,  early  intellectual  light  has  come 
like  the  cheering  light  of  the  sun  from  the  East,  so,  at  a 
later  period,  from  the  same  direction,  barbaric  rudeness  has 
threatened  to  overspread  and  involve  Europe  in  darkness. 
A  brown,  pastoral  race  of  Tukiuish  or  Turkish  descent,  the 
Hiong-nn,  dwelling  in  tents  of  skins,  inhabited  the  elevated 
Steppe  of  Gobi.  Long  terrible  to  the  Chinese  power,  a  part 
of  this  tribe  was  driven  back  to  central  Asia.  The  shock,  or 
impulse  thus  given,  passed  from  nation  to  nation,  until  it 
reached  the  ancient  land  of  the  Finns,  near  the  Ural  moun- 
tains. From  thence,  Huns,  Avari,  Ghazares  and  various 
admixtures  of  Asiatic  races  broke  forth.  Armies  of  Huns 
appeared  successively  on  the  Volga,  in  Pannonia,  on  the 
Mame,  and  on  the  Po,  desolating  these  fair  and  fertile  fields 
which,  since  the  time  of  Antenor,  civilised  men  had  adorned 
with  monument  after  monument.  Thus  went  forth  from  the 
Mongolian  deserts  a  deadly  blast,  which  withered,  on  Cisalpine 
ground,  the  tender,  long  cherished  flower  of  art."* 


Vaults. 

Valleys  are  by  no  means  to  be  regarded  as  necessarily  in. 
contradistinction  to  hills,  although  it  is  convenient  to  con- 
sider them  at  this  point  of  our  history  of  the  land.  Geogra- 
phically, they  represent  depressions  occupied  partly  by  streams 
that  run  through  them ;  but  tliey  are  often  of  extreme  width, 
compared  with  the  rivers  from  which  they  receive  their  names. 
In  mountain  districts  they  are  enclosed  by  lofty  walls ;  but 

*  Eomboldt's  "Aspects  of  Nature."    Sabine's  Translation,  p.  6. 
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across  great  continents,  away  from  the  mountains,  they  are 
bounded  only  by  hypothetical  and  assumed  limits.  There  are 
thus  narrow  and  shut-in  valleys,  generally  at  a  high  level 
above  the  sea ;  and  open  valleys,  scarcely  different,  except  iu 
name,  from  low  plains. 

The  upper  valleys  in  mountain  districts  are  often  remark- 
able for  magnificent  scenery.  Receiving  the  snow  from  the 
mountains,  they  afford  the  shelter  in  which  glaciers  accumulate. 
They  are  occasionally  blocked  up  by  some  natural  obstacle,  and 
form  the  beds  of  lakes.  They  fall  rapidly,  and,  the  rivers 
rushing  down  them,  leap  from  rock  to  rock  in  cascades  and 
waterfalls.  Their  sides  grooved  and  scratched  by  ice,  or 
smoothed  and  worn  by  the  constant  erosive  action  of  water, 
exhibit  more  clearly  and  completely  than  any  other  parts  of  the 
earth's  surface  the  nature  of  the  forces  that  have  acted  to  pro- 
duce its  existing  physical  features.  They  are  thus  landmarks, 
and  indications  of  progress  as  well  as  of  destruction. 

Geologically,  there  are  valleys  of  fracture,  or  fault,  and 
valleys  of  erosion.  All  rocks,  in  being  lifted  to  form  mountain 
masses,  must  be  cracked  and  broken,  and,  in  many  cases,  one 
side  is  lifted  higher  than  the  other.  Thus  are  formed  moun- 
tain gorges,  some  of  which  are  of  the  grandest  character. 
Very  soon,  these  crevices,  or  fissures,  are  acted  on  by  running 
water, — their  walls  are  undermined  and  broken  down — the 
rain  forming  a  stream  or  increasing  a  stream  already  in 
existence,  rushes  down  them,  pounding  and  carrying  away  a 
large  proportion  of  the  fractured  walls,  and  leaving  some  part 
as  a  rocky  bottom.  In  this  way  are  produced  those  varieties 
of  form  which  astonish  and  delight  the  traveller,  and  speak 
with  such  distinct  voice  to  the  student  of  nature,  teaching  him 
the  true  origin  of  appearances  which  he  might  at  first  regard 
as  proofs  of  convulsive  action,  or  of  disruptions  inconceivably 
greater  than  could  be  caused  by  any  force  now  recognised. 

All  valleys  are  more  or  less  distinctly  valleys  of  erosion. 
Many  are  nothing  more  than  this,  and  are  the  result  of  the 
daily  and  ceaseless  grinding  power  of  running  water,  increased 
greatly  in  effect  by  atmospheric  change.  In  some  countries, 
the  very  beginning  of  the  formation  of  a  valley  iu  a  plain  may 
be  seen,  and  its  rate  calculated,  but,  more  usually,  the  work  is 
noticed  only  when  it  has  already  been  so  long  in  course  of  pro- 
ceeding, that  the  actual  spot,  where  the  valley  originally  com- 
menced, cannot  be  detected. 
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The  lower  valleys,  or  continuations  of  the  upper  and  more 
technical  and  typical  •valleys,  are  illustrated,  in  England,  by 
the  valleys  of  the  Thames  and  Severn,  as  they  open  out  to  the 
sea.  The  valley  of  the  Rhine,  sometimes  open  and  wide, 
sometimes  shut  in  hy  approaching  mountains,  is  a  better 
example.  The  valley  of  the  Danube  is  on  a  still  nobler  scale, 
especially  where  it  spreads  out  in  the  plains  of  Wallachia, 
after  being  shut  in  at  the  Iron  Gate,  where  the  Carpathians 
are  crossed.  But  it  is  chiefly  in  the  countries  where  the 
largest  rivers  exist,  that  the  phenomena  of  great  valleys  must 
be  studied.  The  valleys  of  the  Ganges,  in  India,  of  the 
Mississippi,  in  North  America,  and  of  the  Amazons,  in  South 
America,  are  of  this  kind.  They  are  vast  spaces  of  compara- 
tively low  and  level  ground,  and  thus  pass  into,  and  are  lost  in 
the  gigantic  low  plains  which  are  regarded  as  a  somewhat 
diflPerent  condition  of  the  surface.  There  are  other  vast  spaces 
hollowed  out  also  by  water,  but  with  no  natural  outlet  to  the 
sea ;  and  these,  too,  must  be  regarded  as  valleys,  though  of  a 
somewhat  different  kind.  The  valleys  of  the  great  rivers  of 
Southern  Africa  are  of  this  kind,  and,  perhaps,  some  of  these 
of  Australia. 

There  occur  in  many  mountain  districts,  and  in  extensive 
plateaux,  deep  natural  gorges  with  precipitous  sides,  which  in- 
terfere greatly  with  communication,  and  tend  to  isolate  the 
country  they  characterise.  In  Europe,  Spain  exhibits  examples 
of  these  in  the  different  river  valleys.  The  peculiar  scenery 
of  the  interior  of  Africa  along  the  course  of  the  Zambesi,  and 
the  magnificent  highlands  and  deep  valleys  of  Abyssynia  appear 
to  "be  due  to  the  same  cause.  These  may  probably  resemble 
but  can  hardly  exceed  in  grandeur  the  "  Canons"  or  river  gorges 
of  the  Colorado,  a  large  stream  entering  the  Gulf  of  California, 
visited  in  1857  by  an  American  exploring  expedition,  and  de- 
scribed by  Lieut.  J.  Ives  shortly  afterwards  in  an  interesting 
work  published  by  the  American  government.  Of  one  of  the 
first  entered  (in  the  Mojave  Mountains)  we  are  told,  "A  low 
purple  gateway  and  a  splendid  corridor  with  massive  red  walls 
formed  the  entrance  to  the  canon.  At  the  head  of  this  avenue 
frowning  mountains,  piled  one  above  the  other,  seemed  to  block 
the  way.  An  abrupt  turn  at  the  base  of  the  apparent  barrier 
revealed  a  cavern-like  approach  to  the  profound  chasm  beyond. 
A  scene  of  such  imposing  grandeur  as  that  which  now  presented 
itself  I  had  never  before  witnessed.     On  either  side  majestic 
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diflfs,  hundreds  of  feet  in  height,  rose  perpendicularly  from  the 
■water.  As  the  river  wound  through  the  narrow  enclosure,  every 
turn  developed  some  sublime  effect  or  startling  novelty  in  the 
view.  Brilliant  tints  of  purple,  green,  brown,  red  and  white, 
illuminated  the  stupendous  surfaces  and  relieved  their  sombre 
monotony.  Far  above,  clear  and  distinct  upon  the  narrow 
strip  of  sky,  turrets,  spires,  jagged  statue-like  peaks,  and  gro- 
tesque pinnacles,  overlooked  the  deep  abyss  "  (p.  64). 

Some  distance  above  this  poiat  the  grandeur  still  increases. 
"  The  walls  were  perpendicular,  and  more  than  double  the 
height  of  those  in  the  Mojave  Mountains,  rising  in  many  places 
sheer  from  the  water  for  over  1000  feet.  The  naked  rocks 
presented,  in  lieu  of  the  brilliant  tints  that  had  illuminated 
the  sides  of  the  lower  passes,  a  uniform  sombre  hue,  that  added 
much  to  the  solemn  and  impressive  sublimity  of  the  place. 
The  river  was  narrow  and  devious,  and  each  turn  disclosed 
new  combinations  of  colossal  and  fantastic  forms,  dimly  seen 
in  the  dizzy  heights  overhead,  or  through  the  sunless  depths 
of  the  vista  beyond."  Advancing  onwards  up  the  stream, 
"  the  canon  continued  increasing  in  size  and  magnificence. 
No  description  can  convey  an  idea  of  the  varied  and  majestic 
grandeur  of  this  peerless  water-way.  Wherever  the  river  makes 
a  turn  the  entire  panorama  changes,  and  one  startling  novelty 
after  another  appears  and  disappears  with  bewUdering  r»,pidity. 
Stately  facades,  august  cathedrals,  amphitheatres,  rotundas, 
castellated  walls,  and  rows  of  tirae-stained  ruins,  surmounted 
by  every  form  of  tower,  minaret,  dome  and  spire,  have  been 
moulded,  from  the  cyclopean  masses  of  rock  that  form  the 
mighty  defile.  The  solitude,  the  stillness,  the  subdued  light, 
and  the  vastness  of  every  surrounding  object,  produce  an  im- 
pression of  awe  that  ultimately  becomes  almost  painful."  It  is 
characteristic  of  these  gorges,  as  arising  from  clefts  in  plateaux 
or  elevated  table  land,  that  they  end  as  they  begin,  with  start- 
ling abruptness.  "We  were  searching  for  a  spot  large  enough 
to  serve  as  a  resting  place,  when  we  came  into  a  narrow  pas- 
sage between  two  mammoth  peaks  that  seemed  to  be  nodding 
to  each  other  across  the  stream,  and  unexpectedly  found  at 
the  upper  end  the  termination  (rf  the  Black  Canon."  Loc  cit., 
p.  85. 

The  gorges  described  are  only  examples  of  a  class  in  this 
remarkable  district.  The  Big  CMon  of  the  Colorado  is  on 
even  a  larger  scale.    At  one  point  the  river  is  only  fifty  yards 
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wide,  the  channel  studded  with  rocks,  and  the  torrent  rushes 
through  like  a  mill  race.  In  all  this  district  the  rocks  are 
stratified,  and  the  resiilts  are  due  to  the  action  of  the  stream. 
The  surface  of  the  elevated  plain  is  nearly  level,  and  the  gorges 
are  only  seen  when  closely  approached.  The  precipices  are 
vertical  or  overhanging.  The  following  brief  notice  of  the 
geology  of  the  district  fully  explains  its  physical  geography. 

The  Colorado  rises  in  a  thousand  sources,  at  an  elevation  of 
10  to  12,000  feet  from  the  western  slope  of  the  Eocky  Moun- 
tains, and  the  tributaries  almost  immediately  fall  upon  a  high 
plateau  of  sedimentary  rocks,  overlying  granite,  and  forming 
high  prairies.  The  strata  dip  heavily  to  the  east,  and  the 
.average  altitude  of  the  plateau  is  about  6000  feet.  Through 
fissures  in  this  plateau,  cut  by  the  water  itself  down  to  the 
hard  granite,  the  river  travels  for  a  distance  of  500  miles. 
"  For  300  miles  the  cut  edges  of  the  table  lands  rise  abruptly, 
often  perpendicularly,  from  the  water's  edge,  forming  walls 
from  3000  to  6000  feet  in  height.  This  is  the  '  Great  Canon 
of  the  Colorado,'  the  most  magnificent  gorge  as  well  as  the 
grandest  geological  section  of  which  we  have  any  knowledge." 
Loc  cit.,  p.  42. 

Such  is  the  nature  of  valleys  through  table  lands,  as  distin- 
guished from  open  valleys  through  plains  and  the  upper  valleys 
in  mountains,  It  is  not  confined  to  America,  although  the 
examples  just  quoted  are  no  doubt  very  striking ;  for  we  find 
nearly  the  same  character  of  scenery  described  by  Capt.  Strachey 
as  characterising  the  plains  of  western  Thibet.  He  states  that 
a  large  proportion,  perhaps  half,  the  original  plateau  has  been 
destroyed  by  the  ravines ;  that  6000  feet  is  a  very  common 
depth  for  them,  even  in  the  upper  part  near  the  mountains ; 
and  in  the  lower  part,  towards  the  Sutlej,  they  deepen  to  aOOO, 
8000,  and  even  more.  "  I  found  the  bed  of  the  river  at  Ling 
to  be  elevated  12,400  feet,  whilst  the  summit  of  the  alluvial 
plateau  was  about  15,700  feet  on  the  north  bank  and  15,200 
feet  on  the  south  side,  making  a  mean  depth  of  aOOO  feet,  all 
broken  precipice  of  pure  earth  Further  west  the  dimensions 
must  be  still  greater,  so  that  the  ravine  must  attain  the  depth 
of  a  full  vertical  mile."    Joum.  of  Geog.  Sac  ,  vol.  xxiii.,  p  33 

Valleys  have  been  described  as  the  great  natural  highways  of 
the  world,  and  in  a  very  important  sense  they  are  so.  When 
traversed  by  navigable  rivers  they  facilitate  progress,  and  the 
earliest  civilization  of  the  world  has  probably  been  governed 
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and  guided  by  tliese  physical  conditions.  Greece  and  Eome^ 
however,  owe  nothing  to  great  valleys ;  although  India,  China, 
and  Egypt  may  be  quoted  as  examples  in  favour  of  this  view. 
In  modem  times,  human  interests  are  so  closely  connected 
with  easy  commimicatiou,  that  valleys  would  seem  to  have 
once  more.'taken  their  place  among  the  necessities  of  success 
in  new  colonies,  were  it  not  that  Australia  is  of  aU  countries 
that  which  has  the  fewest  of  these  advantages. 


PAET  THE  THIRD. 
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CHAPi'ER  VII. 

THE  OCEAN. 

3o  large  a  part  of  the  earth's  surface  is  covered  by  water — so 
important  are  all  the  phenomena  connected  with  this  condition 
— so  influential  is  the  presence  of  this  aqueous  sheet  on  the 
•whole  history  of  the  globe,  both  ancient  and  modem,  that 
everything  having  reference  to  it  is  interesting  and  valuable. 
We  shall  endeavoir,  ia  this  chapter,  to  bring  together  the 
principal  facts  that  have  been  determined  with  regard  to  the 
e.\tent,  form,  and  ^epth  of  the  various  oceans ;  the  salts  and 
other  solids  held  in  solution ;  the  temperature  of  the  water ; 
and  its  movements.  The  latter  may  be  superficial  and  tem- 
porary, as  wind  and  storm  waves ;  or  afl'ecting  the  whole  mass 
and  constant,  as  marine  currents ;  or,  lastly,  affecting  the  whole 
mass,  but  periodical,  as  the  tides.  The  great  expanse  of  ocean 
includes  many  partially  enclosed  seas  of  very  different  dimen- 
sions. All  are,  however,  connected  together,  and  all  are  sub- 
ject to  the  same  general  conditions  and  laws. 

We  have  already,  in  speaking  of  the  land, — of  the  form  of 
the  continents  and  their  limiting  coasts, — pointed  out,  in  some 
measure,  by  inference,  the  great  barriers  that  enclose  the 
ocean.  We  must  now,  however,  recapitulate  these  to  indi- 
cate the  form  and  dimensions  of  the  tracts  of  water.  There 
is  really  but  one  great  ocean,  covering  so  much  of  the  earth  as 
does  not  rise  above  a  certain  level,  and  the  three  great  masses 
and  numerous  smaller  tracts  of  land  that  rise  above  this  level 
are  the  continents  and  islands.  Owing  to  the  position  of 
the  land,  we  have  the  water  divided  into  two  unequal  parts,  the 
Pacific  Ocean  and  the  Atlantic  canal.  The  former  is  broad, 
open,  and  uninterrupted;  the  latter  is  comparatively  narrow  and 
shut  in,  as  indicated  by  the  name  canal  substituted  for  oceaiw 
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These  two  bodies  of  water  are  connected  by  the  North  Polar 
Sea,  aud  by  a  wide  and  open  sea  south  of  a  line  joining  Capa 
Horn  and  the  Cape  of  Good  Hope. 

The  Atlantic  canal,  or  ocean,  is  much  smaller  than  the  Pacific, 
but  is  far  more  important,  as  being  the  great  highway  of  na- 
tions, and  having  on  or  near  its  shores  all  the  most  important 
commercial  ports  of  the  world.  We  may,  therefore,  properly 
commence  our  account  with  a  statement  of  its  more  striking 
peculiarities.  Extending  from  the  Arctic  circle  to  the  icy 
iiarrier  that  surrounds  the  Antarctic  continent,  its  length  is- 
1 40  degrees  of  latitude,  or  nearly  1 0,000  miles ;  its  width, 
between  the  two  great  continents,  varies  from  800  miles  (be- 
tween Greenland  and  Norway)  to  1,500  miles  (between  Brazil* 
nnd  Sierra  Leone),  or  at  its  widest  part  3,600  miles  (between 
Florida  and  the  coast  of  Africa).  It  is,  therefore,  an  irregular 
elongated  valley,  covered  with  water.  It  is  enclosed  by  a  very 
broken  coast  line,  including  on  both  sides  a  number  of  large 
indentations,  of  which  the  Baltic  and  the  Mediterranean,  on 
the  eastern  or  European  side,  and  Baffin's  Bay,  Hudson's 
Hay,  the  Gulf  of  Mexico,  and  the  Caribbean  Sea,  on  th& 
western  side,  are  the  principal.  It  receives  the  drainage  of  a 
very  large  area  of  the  land,  entering  partly  directly,  ani  partly 
indu'ectly,  by  the  connected  seas  and  bays.  Of  the  inland- 
seas,  the  Baltic  is  long,  tortuous,  and  narrow,  entered  by  very 
narrow  straits,  very  shallow,  and  receiving  a  large  drainage. 
Its  water  area  is  about  QOO.OOO  square  miles.  The  Mediter- 
ranean, with  its  subordinate  waters,  penetrates  much  morw 
<leeply  into  the  great  continent  than  the  Baltic,  separating,  as  is. 
■well  known,  Europe  from  Africa.  It  occupies  nearly  one  million 
of  square  miles,  and  opens  into  the  Black  Sea  by  the  Sea 
of  Marmora.  The  Black  Sea  again  communicates  with  the 
Sea  of  Azof,  by  the  narrow  Straits  of  Kertch.  The  total 
area,  covered  with  brackish  and  salt  water,  is  not  less  than 
IJ  millions  square  miles.  The  temperature  of  the  water  in 
the  Mediterranean  is  several  degrees  higher  than  that  of  the 
Atlantic  outside  the  Straits  of  Gibraltar,  and  its  waters  are 
salt.  Many  parts  are  extremely  deep.  The  bed  of  the  Medi- 
terranean is  divided  into  two  parts  by  a  ridge,  forming  shallow 
water  between  the  southern  extremity  of  Italy  and  Africa. 

On  the  American  side,  the  Gulf  of  Mexico  and  the  Carib- 
bean Sea,  separated  from  the  open  Atlantic  by  the  West  Indian 
islands,  occupy  together  nearly  two  millions  of  square  miles. 
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The  Caribbean  Sea  is  much  the  larger  ;  its  depth  is  great  and 
its  waters  very  hot.  The  Gulf  of  Mexico  is  separated  from  it 
by  a  chain  of  islands.  Of  the  northern  bays  and  gulfs,  Baffin's 
Bay  is  twice  the  area  of  the  Baltic,  but  wider  mid  more  straight. 
Hudson's  Bay  is  a  little  less  dreary,  and  is  also  of  vast  dimen 
sions.  The  West  Indian  Islands  and  the  British  Islands  are 
the  most  important  insular  groups. 

The  Pacific  Ocean  alone  covers  more  than  half  the  surface 
of  the  globe,  and  its  area  is  about  90  millions  of  square  mUes, 
between  the  shores  of  America  on  one  side,  and  those  of  Asia 
and  Australia  on  the  other.  Its  width  at  the  northern  extremity, 
between  East  Cape,  in  Asia,  and  Cape  Prince  of  Wales,  is  not 
more  than  40  miles  ;  tut  the  shores  rapidly  diverge,  till, 
between  California  and  the  Coast  of  China,  the  >distance  is 
8,500  miles.  Beyond  this,  to  the  south,  the  width  remains 
nearly  the  same  to  the  extremity  of  Australian  land.  The 
length  of  the  ocean,  from  the  Arctic  to  the  Antarctic  circle, 
is  about  1 0,000  miles.  The  Pacific  has  but  few  large  inland 
seas  opening  from  it,  nor  does  it  receive  the  drainage  of  a  large 
number  of  important  streams.  In  both  these  respects  it  is 
inferior  to  the  Atlantic.  The  Yellow  Sea,  the  China  Sea,  and 
the  Sea  of  Japan,  are  the  most  important  of  its  subsidiary 
seas,  and  the  rivers  of  China  the  only  important  rivers. 
Although  poor  in  seas  and  rivers,  this  ocean  contains,  how- 
ever, very  large  and  important  islands,  as  already  pointed  out ; 
but  the  island  districts  are  limited  to  certain  parts,  leaving  a 
vast  area  altogether  uninterrupted,  and  rarely  visited.  The 
depth  of  the  Pacific  is  in  parts  very  great. 

The  Indian  Ocean  is  bounded  by  Asia,  Africa  and  Australia, 
and  by  the  Antarctic  land.  Including  its  important  subsidiary 
seas,  its  area  is  about  23  millions  of  square  miles, — almost  as 
much  as  that  of  the  Atlantic.  Its  seas  are  the  Eed  Sea,  the 
Persian  Gulf,  the  Bay  of  Bengal,  &o.  It  includes  very  impor- 
tant islands,  and  groups  of  islau.ii^  and  receives  the  drainage  of 
several  of  the  great  rivers  of  Asia. 

The  Arctic  Ocean  includes  an  area  of  about  three  millions 
of  square  miles  of  water,  bounded  by  the  northern  coasts  of 
Europe,  Asia,  and  North  America.  It  connects  with  the  At- 
lantic by  a  wide  strait  between  Greenland  and  Norway,  and 
with  the  Pacific  by  Behring's  Straits.  It  is,  for  a  large  pai-t 
of  the  year,  choked  with  ice,  but  there  is  water  communicaiioit 
in  summer,  connecting  the  Pacific  with  the  Atlantic.     It  con- 
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tains  some  islands.  There  is  a  corresponding  sea  at  the  South 
Pole,  hut  of  it  little  is  known. 

Such  are  the  great  oceanic  tracts,  as  determiped  from  a  mere 
superficial  ohservation  of  the  earth's  geography ;  but  there  is 
a  larger  and  more  comprehensive  view  of  the  natural  divisions 
of  the  surface  of  our  globe,  which  we  must  now  consider. 
The  great  areas  of  ocean  are  not  only  bounded  by  definite 
coast  lines,  but  are  more  or  less  broken  up  by  means  of  the 
oceanic  islands  alluded  to,  and  by  banks  and  shoals.  These 
boundaries  frequently  form  distinct  basins,  even  where  the 
connecting  banks  and  submarine  ridges  fail  to  reach  the  sur- 
face. Each  great  oceanic  saucer,  thus  formed,  presents  ao 
almost  continuous  fringe  of  mountains,  generally  near  the 
water  line.  Thus,  starting  from  Mount  Elias,  on  the  north- 
eastern shores  of  the  Pacific,  there  is  an  almost  continuous 
chain  formed  by  the  Rocky  Mountains,  the  mountains  of  Mexico' 
and  central  America,  the  South  American  Andes,  and  Tierra 
del  Fuego  ;  and  beyond  this  the  line  is  continued  towards 
Graham's  Island,  and  plunges  into  the  unknown  but  moun- 
tainous regions  of  Antarctic  land. 

From  lie  same  point,  Mount  Elias,  we  find  an  almost 
unbroken  line  of  mountain  along  the  Aleutian  Archipelago- 
continued  through  the  peninsula  of  Kamtchatka,  the  Kurile 
Islands,  Jesso,  Japan,  and  the  Philippines.  It  may  thence 
be  followed  by  the  north  ot  New  Guinea  and  New  Britain, 
the  Salomon  Isles,  the  New  Hebrides  and  N^ew  Zealand,  and 
80  to  the  Antarctic  continent,  forming  an  almost  uninter- 
rupted belt  round  the  vast  circuit  of  the  Pacific.  But  withitt 
this  basin  are  many  smaller  basins.  One  from  Japan,  by  the 
Ladrone  Islands  to  New  Ireland,  is  nearly  half  the  area  of 
Africa.  Another,  but  much  less  clearly-defined  line  of  sub- 
ibarine  mountains,  connected  by  structure,  and  rising  occa- 
sionally above  the  water  level  in  volcanic  peaks,  commences, 
about  mid  way  between  the  New  Hebrides  and  New  Zealand, 
and  passing  first  towards  the  north  to  the  Friendly  Islands. 
and  Navigator  group,  runs  eastwai'd  across  the  Pacific,  being 
indicated  in  the  Society  Islands,  Marquesas,  and  Gallapago* 
group,  and  connecting  with  the  great  chain  of  the  Andes 
on  the  line  of  the  equator.  Thus,  if  the  bottom  of  this  ocean 
were  elevated  a  comparatively  small  amount,  the  Pacific  would 
be  divided  into  a  northern  and  southern  basin ;  the  northero 
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being  again  subdivided  by  a  line  running  northwards  from  the 
Society  Islands  through  the  Sandwich  Islands  and  the  northern 
coasts  ;  while  the  southern  is  again  sulidivided  by  a  line  com- 
mencing from  the  Society  Islands,  and,  ranging  nearly  east- 
wards, through  Easter  Isle  and  Juan  Fernandez,  to  the  Chilian 
Andes.  On  all  these  lines  volcanoes  exist.  Lastly,  it  would 
seem  that  a  further  dividing  line  may  extend  from  the  Sand- 
wich Islands,  eastwards,  through  the  volcanic  island  of  Revil- 
legigedo,  to  the  mountains,  or  rather  to  the  fissure  between 
the  mountain  chains,  crossing  central  America  from  west  to 
east. 

The  Atlantic  Ocean  is  similarly  broken  up,  and  the  sub- 
basins  are  very  distinctly  traced.  The  elevated  rim  of  its 
northern  basin  may  be  thus  defined.  Starting  from  Iceland 
on  the  east  side,  and  proceeding  southwards,  we  find  the  Faroe 
islands,  the  mountains  of  Scotland,  Wale's  and  France,  the 
western  Pyrenees,  the  coast  of  Portugal  and  Spain,  the  Atlas, 
and  the  Azores.  From  this  point,  a  multiplicity  of  shoals 
and  banks,  crossing  the  ocean  and  terminating  with  the  great 
bank  of  Newfoundland,  form  a  depressed  rim.  In  this 
way  we  find  an  ulin  ibt  continuous  cliaiii  of  mountain  land, 
cither  sub-aerial  or  sub- marine,  reaching  finally  to  Green- 
land and  returning  to  Iceland.  This  forms  the  northern 
Atlantic  Basin.  The  central  Atlantic  is  equally  marked  as 
an  oceanic  basin.  Commencing  with  the  bounding  line  of 
sub-marine  highlands  between  Newfoundland  and  the  Azores, 
and  thence  continuing  through  Madeira  to  the  Canary  Islands 
and  the  Cape  de  Verdes,  we  advance  westwards  by  the  island 
of  Fernando  Noronho  to  Cape  St.  Roque.  This  forms  a 
second  well-marked  basin.  The  southern  Atlantic  is  sub- 
divided by  a  ridge  through  South  Ascension,  North  Ascension, 
St.  Helena,  and  so  on  as  far  as  Cape  Negro,  on  the  west  coast  of 
Africa,  and  thence  by  land  to  the  Cape  of  Good  Hope.  Thence 
turning  westwards  we  reach  Tristan  d'Acunha,  and  still  be- 
yond to  the  south-west  we  reach  the  isle  of  Georgia  (5.5"  S.), 
and  so  advance  by  the  Falkland  Islands  to  the  volcanoes  of 
Tierra  del  Fuego.  These  basins  are  not  perfectly  defined, 
and  they  are  by  no  means  complete,  but  they  are  so  tar 
indicated  as  to  mark  them  as  great  outlines  of  the  earth's 
skeleton  form,  determined  by  causes  that  have  governed  the 
production  of  that  form  from  an  early  period. 

Besides  these  basins  of  the  Great  Ocean  there  are  many 
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Others  more  or  less  distinctly  defined.  Many  of  them  are 
known  under  the  name  of  seas,  but  are  independent,  so  far  aa 
the  possession  of  a  distinct  basin-rim  can  make  them  so.  The 
Caribbean  Sea  and  the  Gulf  of  Mexico  form  such  basing. 
The  Mediterranean  is  another,  and  the  Baltic  another.  The 
bounding  outlines  of  these  seas  are  vfell  known.  The  Bay  o< 
Bengal  is  not  less  remarkable.  The  Chinese  and  Malayan 
Seas,  containing  within  them  the  important  island  of  Borneo, 
the  seas  of  Okhotsk,  of  Kamtschatka,  of  Japan,  and  the 
Arabian  Sea,  are  less  known.  They  all  deserve  careful  con- 
sideration as  to  details,  being  the  principal  examples  of  en- 
closed, or  nearly  enclosed,  areas  permanently  occupied  by  salt 
water,  to  which  the  name  basin  is  properly  applied.  A 
knowledge  of  their  details  will  help  u^  to  understaud  the 
physical  configuration  of  that  part  of  the  Mufsce  of  the  globe 
which  is  now  under  water,  and  which,  therefore,  forms  part 
of  the  oceanic  area. 

It  is  evident  that  a  knowledge  of  the  ocean  floor  is  necessary 
to  enable  us  to  obtain  a  correct  notion  of  the  physical  geography 
of  the  divisions  and  sub-divisions  here  alluded  to.  and  this 
knowledge,  as  may  be  supposed,  is  not  very  easy  to  obtain. 
The  depth  of  water  and  the  nature  of  the  bottom  have  been 
determined  of  late,  not  only  with  a  great  approach  to  accuracy 
in  special  observations,  but  so  systematically,  and  at  such 
small  intervals  in  some  parts  of  some  seas,  that  we  are  able 
to  obtain  facts  enough  to  justify  general  conclusions.  It  is  to 
be  desired  that  such  measurements  should  be  made  on  a 
larger  scale,  and  that  no  ship  should  omit  taking  soundings 
whenever  circumstances  will  admit.  Every  fact  of  this  kind 
is  useful  to  science. 

The  old  methods  of  sounding  at  sea  in  deep  water  were 
extremely  tedious  and  very  doubtful.  A  heavy  lead  was 
dropped,  and  as  much  line  run  out  as  seemed  required.  No 
account  was  taken  of  the  drift,  and  in  great  depths  it  was 
difficult  to  be  sure  when  the  lead  touched  the  bottom.  In 
drawing  it  back,  even  if  the  lead  was  brought  up,  the  only 
knowledge  it  gave  of  the  bottom  was  from  the  few  grains  of 
mud  or  a  few  stones  adhering  to  a  lump  of  tallow  in  a  hollow 
beneath  the  lead.  Sometimes  the  marks  left  on  the  tallow 
suggested  that  the  bottom  was  hard  rock,  and  not  mud.  We 
owe  to  American  perseverance  and  ingenuity  the  first  suc- 
cessful attempts  to  reach   the   bottom  and  record  the  true 
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.depth  and  nature  of  the  bottom  in  really  deep  water.  After 
many  trials  and  running  out  line,  sometimes  more  than  10 
miles  in  length,  it  has  been  found  that  no  parts  of  the  Atlantic 
or  Pacific  it)  which  the  depth  has  been  measured  by  the 
new  method  are  really  much  deeper  than  from  30,000  to 
40,000  feet,  which  is  not  greatly  more  than  the  height  of  the 
loftiest  summits  of  the  land  above  the  sea  level.  In  fact,  it 
would  almost  seem  that  the  greatest  depths  of  ocean  may  bear 
the  same  proportion  to  the  loftiest  mountain  peaks  that  the 
nrea  of  the  sea  does  to  that  of  the  land. 

Deep-sea  soundings,  as  at  present  carried  on  in  the  British 
Navy,  require  a  heavy  weight  of  a  hundred  pounds  or  more, 
sliding  on  an  iron  shaft,  terminating  with  a  strong  clamp  or 
di'ag  which  opens  when  the  bottom  is  reached,  and  closes  by  a 
spring  the  instant  the  apparatus  is  lifted.  The  weight  is  so 
cintrived  as  to  drop  off  when  the  bottom  is  reached,  so  that 
the  line  is  drawn  up  with  the  clamp,  but  without  the  weight. 
Ill  deep  soundings  this  is  indispensable,  as  the  friction  in 
'lifting  even  the  lii?f;»'ono,  without  anv  Tvnjght,  is  so  great  as  to 
require  the  full  strength  of  a  steam-engine  winding  it  on  a 
reel  The  nature  of  the  bottom  is  determined  by  the  frag- 
ments brought  up  ;  and  by  a  dredge  invented  by  Dr.  Wallich, 
and  occasionally  used  in  the  soundings  of  the  Atlantic,  several 
pounds  weight  were  obtained  of  whatever  material  is  present 
Almost  everywhere,  however,  the  floor  of  the  Atlantic  has  been 
foTind  to  be  covered  by  a  peculiar  soft,  mealy,  sticky  substance, 
■ciilled  oaze  by  the  marine  surveyors.  On  careful  microscopic 
examination  this  is  found  to  be  an  impalpable  powder,  for  the 
most  part  of  carbonate  of  lime,  nine-tenths  of  it  consisting  of 
minute  animal  organisms,  about  5  per  cent,  of  angular  frag- 
ments of  some  hard  mineral,  and  the  rest  flinty  skeletons  of 
animals  and  plants  of  the  lowest  and  simplest  structures. 
■Occasionally,  however,  fragments  of  larger  shells,  and  even 
3iving  star  fishes  have  been  obtained.  The  adhesiveness  of 
the  oaze  is  the  result  of  tlie  pressure  of  the  heavy  column  of 
water  above  it. 

The  floor  of  the  Atlantic  Ocean,  as  determined  by  deep 
soundings,  consists  of  a  series  of  descending  steps,  not  very 
■closely  resembling  the  form  of  any  of  the  larger  tracts  of  land 
now  above  the  sea,  but  having  more  reseuiblauce  to  Africa 
than  Europe,  Asia,  or  America.  Very  broad  and  compara- 
tively level  terraces  extend  for  a  certain  distance  beyond  the 
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existing  shores,  and  are  succeeded  by  steep  cliffs  dropping 
some  9,000  feet.  For  a  distance  of  230  miles  from  the  coast 
of  Ireland  there  is  a  slope  of  only  about  six  feet  in  a  miie, 
(one  in  a  thousand).  In  the  next  20  miles  there  is  a  fall  of  9,000' 
feet  (one  in  twelve),  after  which  for  1,200  miles  there  seems 
little  disturbance  of  level.  This  vast  terrace  is  one  of  severnl 
that  appear  to  characterise  the  bottom  of  the  great  Atlantic 
canal.  By  a  succession  of  drops  we  at  length  attain  the 
greatest  depth — about  30,000  feet — which  is  on  the  American 
side  of  the  ocean,  some  distance  south  of  the  great  bunk  of 
Newfoundland,  and  between  the  30th  and  40tli  parnllels  of 
latitude.  At  this  depth  there  is  a  basin-shaped  depression 
nearly  1,000  miles  in  length. 

Of  the  bottom  of  the  Pacific  much  less  is  known.  The 
depth  of  that  ocean,  as  we  have  already  remai'ked,  seems  to. 
bear  some  proportion  to  its  very  large  dimensions  as  an  open 
sea.  The  depth  of  40,000  feet  has  been  attained  bv  sound- 
ings, but  the  outline  of  the  bottom  of  this  great  basin  is  not 
yet  even  approximately  ascertained.  The  inland  seas  of  the 
Pacific  die  either  shallow  or  their  condition  as  deep  clefts  i» 
indicated  by  the  form  of  the  land  immediately  adjacent.  The 
Indian  Ocean  is  little  known  by  soundings. 

Sea  water  is  both  salt  and  bitter.  In  all  parts  of  the  ocean 
the  water  holds  in  solution  a  certain  quantity  of  solid  raateriaU 
of  which  by  far  the  largest  part  consists  of  chloride  of  sodium 
or  common  salt.  Much  has  been  said  as  to  the  cause  of 
this  condition  of  so  large  a  part  of  the  water  on  the  globe,  and 
certainly  to  very  little  purpose.  It  would  be  as  reasonable 
and  profitable  to  inquire  why  silica,  and  alumina,  and  hme, 
constitute  the  important  bases  of  all  soils  and  rocks  as  to  seek 
to  discover  a  reason  for  the  saltness  of  the  ocean.  No  doubt 
it  is  an  adaptation  full  of  uses  and  full  of  meanings,  but  what 
in  the  whole  economy  of  nature  is  not  so  ?  It  seems  almost 
impertinent  to  single  out  one  contrivance  of  nature,  if  it  can 
80  be  called,  and  magnify  it  as  a  special  interposition  of  Pro- 
vidence. That  the  water  of  the  sea  is  salt  because  it  would 
otherwise  putrefy,  is  contradicted  by  daily  experience  in  every 
country  where  there  are  large  lakes,  or  that  being  salt  it 
freezes  less  readily  than  if  it  were  fresh,  not  expanding  at  the 
freezing  point  of  fresh  water : — these  are  facts  which  really  prove 
no  more  than  that  all  created  things  are  mutually  adapted ; 
but  this  is  equally  proved  by  every  other  feet  in  nature. 
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The  quantity  of  salt  in  the  ocean  is  not  absolutely  the  same- 
in  all  parts  or  at  all  depths.  It  varies  also  in  the  different 
closed  seas,  according  to  the  amount  of  fresh  water  receive* 
into  them  from  rivers,  and  the  rate  of  evaporation  from  the 
surface.  Some  are  Salter,  others  less  salt  than  the  ocean. 
Where  great  rivers  empty  themselves  into  the  ocean,  the  water 
is  less  salt  for  a  vast  distance  from  the  shore.  In  general, 
the  Atlantic  is  more  salt  than  the  Pacific; — the  water  of  the 
ocean  in  the  southern  hemisphere  is  also  generally  more  salt 
than  that  in  the  northern.  In  the  Pacific,  which  is  the  great 
open  ocean,  the  salt  is  in  largest  proportion  in  a  belt  between 
220  N.  and  17o  S.  latitude,  while  about  the  equator  the  water 
is  fresher  Near  the  Polar  seas  the  proportion  of  salt  is  smaller, 
owing  to  the  melting  of  the  ice  at  certain  seasons. 

Generally,  the  proportion  of  solid  matter  in  the  ocean  is  about. 
84"4  parts  in  a  thousand,  and  the  ingredients  are  very  nume- 
rous, although  a  very  large  proportion  of  the.  whole  are  only 
present  as  traces,  or  in  exceedingly  minute  quantities.     Those 
which  are  tolerably  abundant  are  neutral  salts,  consisting  of 
chlorides  of  sodium  and  magnesium,  sulphate  of  soda,  carbonate 
of  lime,  and  silica.     Of  all  the  known  elementary  substances, 
thirty-one  have  been  detected  in  sea  water,  and  the  number 
will  probably  be  increased  by  the  careful  application  of  the- 
method  of  spectral  analysis.     The  following  are  the  names  of 
the  elements  : — oxygen  and  nitrogen  gases  (atmospheric  air),, 
nitrogen  witli  hydrogen  (ammonia),  carbon  (in  carbonic  acid), 
chlorine,  bromine,  iodine  (in  fucoids),  fluorine  (in  combination 
with   calcium),   sulphur  (in   sulphuric   acid),  phosphorus  (as- 
phosphoric  acid),  silicium  (as  silica),  boron  (as  borac.ic  aoid\ 
silver  (in  some  seaweeds),  copper   (in  marine   animals   and. 
plants),  zinc  (in  marine  plants),  cobalt  and  nickel  (also  in  ma- 
rine plants),  iron,  manganese,  aluminium,  magnesium,  calcium, 
strontium  and  barium  (as  sulphates  in  fucoid  plants),  sodium, 
and  potassium,  lithium,  rubidium,  csesium,  and  arsenic* 

In  particular  seas,  and  parts  of  seas,  the  specific  gravity  or 
density  of  the  sea  water  differs  somewhat  considerably.  In 
the  North  Atlantic  Ocean,  from  the  equator  to  latitude  50o, 
the  mean  of  a  large  number  of  observations  shows  a  specific 
gravity  of  1-02664;  while  that  of  the  South  Atlantic,  within 
Qio  same  limits,  is  102676,  showing  an  excess  of  •00012.     If 

•  See  "PhiL  Trans.,"  1865.  p.  203,  et  leq. 
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we  take  the  limits  30"  north  and  south,  the  mean  densities 
are  1-0267  and  1-0271,  the  difference  being  due  to  the  large 
influx  of  fresh  water  from  the  Plata,  between  30°  and  50"  S. 
The  chief  cause  of  this  difference  is  to  be  sought  for  between 
the  equator  and  latitude  10"  N  ,  in  the  belt  of  equatorial  calms 
and  rains.  In  temperature  there  is  a  marked  difference,  the 
South  Atlantic  being  decidedly  colder  than  the  North,  by 
nearly  five  degrees ;  and  it  is  a  difference  tolerably  uniform, 
parallel  for  parallel.  The  specific  gravity  of  sea  water  is 
greatly  affected  for  a  time  by  heavy  rains.  This  time  may 
extend  to  more  than  twenty-four  hours. 

The  specific  gravity  of  the  South  Pacific  also  exceeds  that 
of  the  northern  part  of  the  same  ocean,  but  both  are  somewhat 
below  those  of  the  corresponding  parts  of  the  Atlantic.  The 
mean  of  the  North  Pacific  is  1-02548,  and  of  the  South  Pacific 
1  0-2658.  The  same  is  the  case  with  the  temperature,  the 
mean  temperature  being  as  follows  : — North  Atlantic  71-56°  F., 
North  Pacific  69-94°  F. ;  South  Atlantic  66-66o  F.,  South 
Pacific  67-700  p.  |t  is  possible  that  the  middle  part  of  the 
Pacific  may  be  more  dense  than  those  parts  where  the  obser- 
vations have  been  chiefly  made. 

The  Indian  Ocean  is  both  of  less  specific  gravity  and  warmer 
than  tlie  Pacific.  The  mean  specific  gravity  of  the  part  south 
of  the  equator  is  1  -0263,  and  its  mean  temperature  69-28". 
The  water  of  the  Red  Sea  has  a  mean  density  of  1-0286.  The 
maximum  is  1'0321  in  the  Bay  of  Suez,  the  minimum  1-0252 
near  Aden.  The  whole  of  the  northern  part  is  more  salt  than 
the  southern.  The  mean  temperature  of  the  Red  Sea  is  79"3". 
Above  latitude  20"  it  is  77-4",  and  below  it  is  81-5".  The 
highest  temperature  recorded  is  95". 

Of  other  inland  seas  .the  Mediterranean,  perhaps,  is  the 
most  important.  The  mean  of  six  hundred  observations  shows 
the  specific  gravity  to  be  1-0289,  or  sensibly  greater  than  any 
part  of  the  open  ocean,  and  even  greater  than  the  Red  Sea. 
The  density  increases  from  west  to  east.  Thus,  west  of  longi- 
tude 10°  the  density  is  1-0286,  and  between  10"  E.  and  30  »B. 
the  mean  is  1-0291.  The  average  temperature  is  67-8"  ;  the 
highest  79"  and  the  lowest  53".  On  entering  the  Dardanelles 
the  density  decreases  from  1-0278  to  1-0162.  The  mean  of 
all  observations  in  the  Black  Sea  shows  an  average  density  of 
only  10 143,  while  in  some  parts  it  is  not  more  than  1-0114 
These  observations  are  made  on  water  taken  from  the  open 
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sea  at  some  distance  from  land.  Off  tbe  mouths  of  great 
rivers  the  water  is  nearly  fresh. 

The  North  Sea  dififers  little  from  the  Atlantic  in  the  density 
of  its  watei-s.  the  mean  being  1  -0261 ;  but  the  Baltic  is  much 
lower,  the  mean  being  1-0086,  the  maximum  l-023a,  and  the 
minimum  only  1-0(103.  That  it  was  not  always  so  is  certain, 
inasmuch  as  the  shores  of  the  Baltic  are  covered  in  some  places 
vrith  the  shells  of  animals  that  served  as  food  for  the  an- 
cient inhabitants,  and  these  shells  certainly  could  not  hav« 
attained  the  size  we  find  them  in  brackish  water.  The  di- 
minutioa  of  salt  in  this  sea  is  due  to  the  elevation  of  the  sea 
bottom,  and  thus  to  a  diminished  quantity  of  sea  water  contained 
in  it,  the  influx  of  fresh  water  by  rivers  remaining  unaltered. 

Returning  now  to  the  contents  of  sea  water,  it  is  well  known 
that  common  salt  (chloride  of  sodiumi  is  the  most  abundant  in- 
gredient Nearly  twenty-four  of  the  34-4  parts  in  a  thousand 
are  thus  composed.  Of  the  rest,  there  are  about  4  parts  of 
chloride  of  magnesium  and  nearly  as  much  sulphate  of  soda. 
One  pai-t  in  a  diousand  consists  of  carbonate  of  lime,  and  only 
•25,  or  one  part  in  four  thousand  is  silica.  These  general  pro- 
portions are  subject  to  a  certsdn  amount  of  local  variation,  but 
they  are  sufficiently  near  to  give  a  correct  idea  of  the  consti- 
tution of  the  ocean  Notwithstanding  the  small  proportion  of 
silica  it  will  give  some  idea  of  the  vastness  of  the  whole  sub- 
ject, to  point  out  that  the  estimated  toMl  quantity  of  silica 
dissolved  in  the  ocean  cannot  be  less  than  uuo  hundred  millions, 
of  millions  of  tons.  In  the  Black  Sea  the  proportion  of  chlo- 
ride of  sodium,  or  common  salt,  in  the  water,  appears  to  be 
much  larger,  and  of  chloride  of  magnesium,  much  smaller  than 
in  the  open  ocesm.  Estimated  in  another  way,  the  mean  of 
the  principal  ingredients,  as  stated  by  Professor  Eorchammer, 
is  as  follows  : — chlorine,  1 9 ;  sulphuric  acid,  2-26 ;  lime,  056 ; 
magnesia,  2-10;  all  salts,  34-40. 

There  is  silways  a  certain  quantity  of  gas  present  in  water, 
besides  atmospheric  air.  Of  such  gas,  carbonic  acid  gas  is 
the  principal,  and  its  proportion,  though  not  large,  increases 
with  the  depth.  Ammonia  is  present,  but  the  quantity  is  very 
small.  The  atmospheric  air  is  absolutely  necessary  to  the 
existence  of  life ;  and  it  is  known  by  actual  observation,  that 
the  greatest  depths  yet  reached  in  the  ocean  are  not  incompa- 
tible with  the  life  of  animals  somewhat  highly  organised.  The 
usual  proportion  of  aii  in  water  varies  from  one-fortieth  to  one- 
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thirtieth  of  its  volume;  but  the  absorbed  air  contains  about 
thirty-two  per  cent,  of  oxygen  instead  of  twenty-one  percent. 

The  specific  gravity  of  water  increases  as  the  temperature 
diminishes,  the  solid  contents  remaining  the  same.  But  this 
diminution  has  a  limit,  and  this  limit  has  an  important  refe- 
rence to  the  contents  of  the  water.  Thus,  while  fresh  water 
attains  its  greatest  density  about  the  temperature  of  39<»  F, 
and  freezes  or  becomes  solid  at  32",  disturbed  sea-water  be- 
comes heavier  till  the  temperature  is  reduced  to  27J">.  Expan- 
sion takes  place  on  freezing  ;  but  water,  like  other  substances, 
parts  with  its  impurities  when  it  crystallises.  Thus  ice,  in 
wiiatever  water  it  is  formed,  is  always  fresh. 

A  very  pretty  and  simple  experiment,  mentioned  by  Capt. 
Maury,  well  illustrates  the  working  of  this  law.  He  tells  us 
that  he  filled  a  tall  jar  with  sea  water,  placed  in  the  water  a 
thermometer,  and  a  small  float  or  specific-gravity  bottle,  and 
exposed  the  whole  on  a  cold  day  to  the  temperature  of  23". 
"  As  the  thermometer  in  the  jar  fell,  the  specific-gravity  bottle 
rose  higher  and  higher,  showing  that  the  water,  as  it  cooled, 
was  contracting  and  becoming  heavier  and  heavier.  This 
went  on  till  the  thermometer  in  the  jar  marked  27o.  Then 
there  commenced  in  it  the  display  of  the  most  exquisitely- 
beautiful  phenomena;— fascicles  of  ice  first  formed  at  the 
bottom  of  the  jar,  and  as  fast  as  they  formed  they  ascended 
to  the  top  with  great  rapidity ;  indeed  it  was  a  perfect  snow 
«torm'in  miniature,  but  turned  upside  down.  The  flakes  had 
the  appearance  of  falling  up.  As  soon  as  they  began  to  form, 
the  thermometer  in  the  jar  rose  to  28",  and  there  remained  as 
long  as  the  little  storm  continued."*  Had  the  water  been 
fresh,  the  temperature  would  have  been  lowered  gi-adnally  to 
39*,  the  specific-gravity  bottle  showing  descending  currents  of 
colder  and  heavier  water  till  that  temperature  was  obtained. 
On  further  cooling,  the  lower  strata  of  the  water  would  have 
changed  slowly  in  temperature  and  density,  but  the  upper 
strata  would  have  become  gradually  lighter  till  a  coat  of  ice 
formed  on  the  surface  at  32o,  or  a  little  below.  After  that,  the 
ice  would  thicken  very  slowly  and  the  body  of  the  water  remain 
almost  unchanged,  as  ice  conducts  heat  very  slowly.  The  ge- 
fteral  result  is,  that  in  large  quantities  of  fresh  water  exposed 
to  a  cold  atmosphere  there  is  little  circulation  of  the  water,  in 
*  Maury's  "  Physical  Geography  for  School'!,"  p.  85. 
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consequence  of  the  continuance  of  surface  cold,  even  to  a  point 
much  below  the  freezing  point :  and  thus  the  temperature  of 
the  water  below  is  kept  up  during  the  longest  and  severest 
vinters ;  but  on  the  other  hand,  the  surface  is  soon  a  sheet  of 
ice,  and  cools  the  surrounding  air  In  open  ocean,  the  surface 
is  rarely  frozen.  A  constant  circulation  is  i^ept  up  throughout 
the  whole  body  of  the  water, — warm  water  from  a  distance  re- 
placing the  chilled  water  at  the  surface,  and  thus  there  are  cur- 
vents  produced  whose  influence  is  very  widely  felt. 

The  temperature  of  the  waters  of  the  ocean  is  far  more 
slowly  affected  by  the  action  of  the  sun's  rays  than  that  of  the 
dry  land,  but  on  the  whole  the  effect  of  the  existing  combini*- 
tion  of  circumstances  is,  tl)at  in  most  parts  of  the  ocean  the 
surface  waters  are  warmer  than  the  water  below,  which 
gradually  becomes  cooler  and  denser  as  the  depth  increases. 
This  is  the  case  in  all  temperate  and  tropical  parts  of  the 
ocean,  and  even  under  the  equator  only  continues  in  all  pro- 
bability to  a  certain  depth,  and  may  he  the  result  of  cold  under- 
curreuts  proceeding  from  the  Polar  seas  towards  the  equator. 
In  this  case  there  are  cold  zones  of  water  in  the  sea,  as  we 
know  there  are  cold  zones  between  warmer  zones  in  the  atmo- 
sphere. The  dimicution  of  temperature  goes  on  at  a  very  dif. 
ferent  rate  in  different  seas,  varying  near  the  equator  from  one 
degree  in  seven  fathoms  to  one  in  fourteen .  In  the  Atlantic, 
recent  observations  by  Dr.  Carpenter  and  Professor  Wyville 
Thutnson  have,  however,  shown  that  there  is  there  in  latitude 
690  to  610  a  ^arni  area,  within  which  the  thermometer  sinks 
only  from  three  to  five  degrees  in  a  depth  of  500  fathoms,  and 
a  cold  area  in  similar  latitudes  but  nearer  England,  withm 
which  it  sinks  SJOo  in  the  same  depth. 

Near  the  Arctic  circle  the  temperature  of  the  water  at  1400 
fathoms  has  been  found  to  be  32Jo  Fah.,  while  in  the  Ai-abian 
sea  at  1800  fathoms,  it  is  33|<». 

The  pressure  of  superincumbent  water  on  the  bottom  of 
the  ocean,  and  on  all  substances  contained  in  it  at  great 
depth,  is  of  course  in  proportion  to  the  depth.  The  result  is 
seen  in  the  condition  of  the  mud  at  the  bottom  which,  when 
brought  up  from  great  depths,  is  compact  and  tenacious,  and 
altogether  different  from  the  state  it  assumes  when  relieved 
for  some  time  from  pressure.  It  is  seen  still  more  clearly 
^en  rope,  wood,  or  other  compressible  material  is  carried  to 
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the  bottom  and  brought  up  again.  Thus  Aoorl.  -^uiik  to  <; 
depths,  liocomes  water-loggerl,  aud  very  uiuoh  moru  deuse  thai 
it  was  before.  Rope  has  all  the  tar  squeezed  out  of  it,  and 
comes  up  in  a  state  almost  unrecognisable.  A  bottle  tilled 
■with  salt  water,  and  very  tightly  corked,  has  its  cork  forced 
into  the  bottle.  In  spite  of  this,  animal  life  exists  in  the 
greatest  attained  depths,  and  whales  seem  capable  of  descend- 
ing at  will  to  some  miles  below  the  surface.  Star  fishes  were- 
brought  up  alive  from  the  bottom  at  a  depth  of  1.260  fathoms 
by  Dr.  Wallich,  and  minute  foraminifers,  and  other  very  simple 
forms  of  organic  life,  are  able  at  all  depths  to  separate  the 
materials  that  form  a  large  proportion  of  the  fine  mud  at  the 
bottom  of  the  Atlantic  and  Pacific  Oceans.  Wherever  the 
sun's  rays  can  penetrate  there  is  life,  and  in  these  depths  of 
the  sea  there  is  air  as  well  as  light 

The  colour  of  sea  water,  when  seen  under  favourable  cir- 
cumstances, is  exquisitely  beautiful,  and  the  water  itself  is 
limpid  and  transparent  in  the  extreme.  It  is  quite  possible 
under  a  vertical  sun  to  see  distinctly  the  bed  of  the  sea,  and 
all  that  is  going  on  between  the  surface  and  the  bottom,  in 
depths  of  80  or  even  100  fathoms,  and  even  in  the  Arctic 
Ocean,  where  the  sun  is  never  high,  shells  and  other  objects 
have  been  seen  in  80  fathom  water.  The  colour  varies  with 
the  state  of  the  atmosphere,  but  is  always  of  the  same  rich 
ultra-marine  when  seen  under  the  most  favourable  circum- 
stances. This,  also,  is  the  colour  of  the  light  transmitted 
through  a  considerable  dej^  of  water,  and  reflected  back 
from  a  white  bottom  into  the  celebrated  '  Blue  grotto'  at  Cnpri, 
in  the  Bay  of  Naples.  This  cavern  affords  one  of  the  best 
instances  known  in  which  the  colour  of  the  water  is  separated 
from  all  other  tints  derived  from  the  atmosphere.  The  cause 
of  this  colour  is  not  ascertained  with  certainty,  but  observation 
with  distilled  water  would  seem  to  prove  that  is  the  real  colour 
of  pure  water.  It  has  been  supposed  to  be  derived  from  me- 
tallic oxides,  for  copper  is  known  to  be  present  in  salt  water 
with  many  other  metallic  elements,  but  this  is  hardly  probable. 
Changes  of  weatlier  are  very  rapidly  and  distinctly  indicated 
by  the  colour  of  the  sea  water.  These  may  be  due  to  the 
movements  of  minute  animal  organisms,  which  abound  in 
all  seas,  and  are  the  food  of  many  large  fishes,  aud  of  whales, 
or  they  may  be  produced  by  changes  in  the  state  of  the 
atmosphere.     In  certain  seas  there  are  local  peculiaritiea  of 
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colour.  Thus  tbe  sea  is  red  or  vermilion  in  consequence  of 
animalcules  contained  in  it  in  the  Ri-d  Sea,  the  Vermilion 
Sea,  off  CHlifoniia,  and  the  moiuh  of  the  Kiver  Plate  The 
Persian  <iulf  and  the  waters  of  the  Arabian  coast  are  often 
green,  and  the  waters  of  tlie  Arctic  Ucean  are  olive  green. 
The  sea  is  white  in  tiie  Gulf  of  Guinea,  intensely  black  in 
the  Black  Sea  and  in  the  ocean  round  the  Maldives,  and 
yellow  from  mud  in  the  Yellow  Sea. 

In  the  seas  here  mentioned  that  have  rsceived  special 
names  referring  to  colour  the  colour  is  sometimes,  no  doubt, 
an  accident,  and  due  to  the  {ireseiice  of  foreign  bodies.  'J'his 
is  not  always  the  case.  Thus  the  Black  bea,  whose  name 
has  sometimes  been  desciibed  as  owing  to  the  badness  of  the 
weal  Iter  during  winter,  has  a  most  decidedly  black  or  in- 
tensely dark  purple  colour,  far  awav  from  the  coast,  and  in 
perfectly  clear,  calm  weather  The  Author  has  observed  this 
on  two  or  three  occasions,  once  near  Odessa,  and  afterwards 
in  the  eastern  part  of  the  sea.  On  both  these,  and  at  other 
times,  the  circumstances  of  the  weather  were  unusually  favour- 
able for  observing  the  tiue  cohiur.  Besides  absolute  colour 
there  are  numerous  other  changes  of  appearance  due  to  con- 
ditions of  the  atmosphere,  and  changing  with  every  cloud. 
Currents  of  water  crossing,  meeting,  or  passing,  are  generally 
indicated  by  differences  of  colour,  and  streaks  of  coloured 
water  are  not  unusual  near  shore,  owing  in  most  cases  to 
the  weeds  or  sands  at  the  bottom  of  shallow  water 

■  The  great  body  of  water  in  the  ocean  is  never  still.  Not 
only  is  the  surface  constantly  agitated  by  the  wind,  but  the 
whole  mass  is  in  a  state  of  incessant  circulation,  partly  by- 
tidal  action  and  partly  by  these  numerous  currents  that  appear 
to  convey  the  water  in  a  series  of  irregular  curves  throughout 
the  whole  world.  To  understand  the  importance  of  these  it 
is  necessary  to  consider  them  in  some  detail,  and  we  com- 
mence with  an  outline  of  the  course  of  the  great  tidal  wave, 
which  is  one  of  the  most  imporant  phenomena  of  the  ocean, 
and  one  which  very  strikingly  shows  the  mutual  dependence 
of  the  various  parts  of  our  solar  system.  A  few  words  on  the 
various  kinds  of  waves  will  serve  to  introduce  this  subject,  ami 
it  is  \ery  necessary  that  the  student  of  physical  geography 
should  clearly  understand  what  is  meant  when  speakitig  of 
phenomena  so  large  and  so  influentiid. 

When  standing  on  the  shore,  we  watch  the  motions  of  a 

10 
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vessel  in  the  tide-way,  approaching  or  departing  from  some 
|)urt,  or  in  a  channel  between  two  seas,  after  weather  moderately 
«alm  but  succeeding  a  storm,  we  may  notice  a  variety  of 
movements  of  the  water  altogether  independent,  and  all  going 
on  together.  The  vessel  will  be  rocked  more  or  less  violently 
•by  large  waves,  and  innnmerahle  smaller  waves  or  ripples  wiB 
break  against  its  sides.  At  the  same  time  it  will  be  drifted 
in  or  out  of  the  harbour,  or  in  some  definite  direction,  accord- 
ing to  the  set  of  the  tide  or  current.  But  the  storm-wave 
and  the  ripple  are  mere  undulations  of  the  surface  while  tides 
■ani  currents  are  movements  of  the  whole  hody  of  water,  or  of 
part  of  it  limited  in  some  definite  manner.  The  former  have  no 
tendency  to  move  the  ship  forwards  or  backwards — some  of  the 
latter  are  waves  of  translation,  and  really  do  move  it  one  way 
■or  another.  Of  the  two  the  tide-wave  is  in  ordinary  cases  a 
movement  of  the  water,  advancing  for  some  hours  and  then 
receding  for  a  somewhat  longer  time,  and  the  advance  and 
recession  are  nearly  of  the  same  amount,  and  occur  twice  in 
-every  twenty-four  hours.  A  current  is  a  portion  of  the  water, 
including  either  the  whole  depth  or  only  part  of  the  depth, 
moving  steadily  onwards  along  a  certain  course,  varied  oo 
■casionally  by  local  accidents,  but  dependent  chiefly  on  the 
general  Telations  of  land,  water,  and  temperature,  and  there* 
fore  only  changing  with  changes  in  the  physical  configurcctjon 
of  the  globe. 

The  origin  of  wind-waves  is  easily  understood.  They  are 
due  to  the  friction  of  currents  of  air,  however  produced,  on  the 
surface  of  large  sheets  of  water.  This  friction  drags  along 
the  surface  of  the  water,  and  produces  parallel  ridges  at  right 
angles  to  the  direction  of  the  wind.  Where  the  wind  blows 
■Steadily  for  a  long  time  with  some  force  parallel  to  the  surface, 
a  continuous  but  shallow  current  may  be  produced  without 
distorbance,  and  this  cause  is  capable  of  originating  some  of 
the  currents  that  cross  the  ocean.  Where  the  wind  varies 
from  time  to  time,  both  in  force  and  direction,  and  where  it 
impinges  on  the  water  at  any  angle,  the  particles  of  water  are 
lifted  into  minute  waves,  each  of  which,  by  means  of  its  ridge, 
protects  the  water  beyond  it  from  the  vrind.  The  wind  is 
thus  forced  to  impinge  on  the  surface  a  small  distance  beyond. 
As  the  wind  continues,  these  waves  increase  in  number  anft 
magnitude.  As  the  force  increases,  the  agitation,  which  at 
tfirst  "was  confined  to  the  surface,  -sinks  deeper  and  deeper. 
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«nd  the  waves  rise  higher  and  higher,  breakiiig  at  Jast  in 
foam  over  the  hollow  between  two  that  are  adjacent.  Owing 
4o  the  irregular  action  of  the  wind  which,  during  severe 
«torms,  blows  in  gusts  of  great  violence,  and  frequentl)' 
«hanges  in  direction,  and  owing  also  to  the  fact  that  storm- 
winds  are  invariably  accompanied  by  occasional  lulls,  the 
waves  become  confused  and  broken.  They  soon  overtake 
■each  other,  and  thus  at  length  form  those  sublime  and  awful 
seas,  only  attained  in  open  ocean  and  deep  water.  The 
highest  and  largest  waves  do  not  often  exceed  40  feet  from 
the  crest  to  the  deepest  part  of  the  trough.  The  uninter- 
rupted length  of  a  wave  of  this  magnitude  is  not  very  con- 
siderable. When  these  great  waves  approach  the  shore  or 
-shoal  water  and  reach  the  bottom  of  the  sea  they  increase  in 
height,  reaching  sometimes  to  upwards  of  150  feet,  but  they 
■diminish  in  breadth  or  amplitude,  and  become  pointed.  Thus 
lifted  up  they  often  topple  over,  breaking  with  great  violence 
into  foam.  It  is  not  likely  that  the  extreme  effect  of  storm- 
waves  in  deep  water  disturb  the  water  at  a  greater  depth  than 
800  feet.  After  such  great  waves  have  been  formed  the  result 
is  shown  by  a  deep  heaving  of  the  mass  of  the  water,  called  a 
ground  swell,  which  is  often  propagated  through  the  water  to  an 
enormous  distance,  terminating  only  where  the  undulation  is 
stopped  by  the  resistance  of  land,  and  by  it  thrown  back.  In 
this  way  is  caused  the  generally  broken  water  of  the  Bay  of 
Biscay  and  the  Gulf  of  Lyons.  In  the  South  Pacific  Ocean 
these  billows  or  smooth  waves,  proceeding  from  quarters  quite 
independent  of  the  wind  or  marine  currents,  sometimes  travel 
more  than  ]  ,000  miles.  They  are  ultimately  converted  into 
■surf  or  broken  water  on  the  banks  of  the  coral  islands  in  the 
great  southern  archipelago. 

The  mechanical  force  of  storm-waves  is  very  great,  and  is 
jointly  due  to  their  mass  and  velocity.  During  storms,  the 
pressure  of  large  waves  on  the  west  coast  of  Scotland,  coming 
in  from  the  Atlantic,  was  estimated  by  Mr.  Stevenson  at  up- 
wards of  6,000  pounds  on  the  square  foot.  This  is  fully  ten 
times  the  mean  pressure  of  the  waves  during  summer. 

The  tidal-wave  has  an  origin  altogether  independent  of  the 
wind.  The  whole  mass  of  the  earth,  the  fliiid  and  gaseous 
parts  of  it  as  well  as  the  solid,  are,  as  we  have  seen,  attracted 
■by  the  sun  and  moon,  in  proportion  to  their  mass,  and  th( 
solid  earth,   the   ocean,  and  the  atmosphere   are  separately 
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attracted,  because  they  are  in  distinct  mechanical  conditions^, 
Thus  the  moon  draws  out  of  its  course  and  towards  itself,  to 
the  point  at  any  moment  subject  to  its  influence,  a  part  of  the 
■water  of  the  ocean,  and  it  will  al»o  draw  the  earth  away  from 
the  waters  at  the  point  diametrically  opposite.  There  will 
thus  be  two  points  at  which  high  water  will  exist.  There  will 
also  be  two  points  between  these,  whence  the  water  will  have 
been  chiefly  removed.  These  are  the  points  of  low  wrater.  A 
small  swellinu  of  the  water  is  thus  constantly  following  the 
apparent  position  of  the  moon,  and  the  same  takes  place, 
though  to  a  less  extent,  owing  to  its  enormously  greater  dis- 
tance, with  regard  to  the  sun.  It  is  usual  to  say  that  this 
wave  is  formed  and  travels  thus,  but  we  should  rather  say  that 
such  a  wave  would  be  so  formed  and  would  so  travel  uniformly 
if  the  whole  surface  of  the  eaith  vveie  smooth,  and  unifoi inly 
covered  by  a  film  of  water.  The  principal  tide-wave  would 
then  follow  the  moon,  moving,  at  the  equator,  at  the  rate  of 
1,00(1  miles  an  hour,  and  the  summit  of  the  wave  would  reach 
the  same  spot,  twice  daily,  over  all  the  earth.  This  wave 
would  be  extremely  small  at  all  times,  hut  it  would  reach  its 
mnximum  when  the  sun  and  monn  were  over  or  opposite  the 
same  spot  at  the  same  time,  for  then  they  would  pull  together; 
while,  when  the  moon  was  in  the  quarter,  or  the  sun  iind  moon 
produced  their  effect  at  places  90°  apart,  their  influence 
would  counteract  each  other,  and  the  tide  would  be  smallest. 
Since,  however,  the  land  is  very  irregularly  distributed,— since 
the  oceans  are  much  broken  and  interrupted,  not  only  by  con- 
tinents and  islands,  but  by  shoals  and  submaiine  ledges  sepa- 
rating one  basin  from  another,  the  tidal-wave  is  greatly 
modified  The  small  and  true  tidal-wave  would  move  uni- 
formly, and  at  its  normal  rate,  in  water  of  uniform  and  con- 
siderable depth.  The  motion  extends  to  the  bottom  of  the 
ocean,  and  the  velocity  of  such  a  wave,  propagated  through 
water  of  variable  depth,  would  vary  as  the  squtire  of  the  depth. 
Since,  therefore,  the  depth  varies  considerably,  it  is  not  sur- 
prising that,  in  the  Pacific  Ocean,  although  the  tide  atone  part 
is  almost  inappreciable,  it  becomes,  in  other  places,  strongly 
marked ;  while  in  the  Atlantic,  so  much  narrower,  with  such 
broken  coast  lines,  and  so  many  shoals  and  inland  seas,  the 
tidal-wave  is  even  larger  and  more  complicated. 

From    being  at  the   outset  extremely  simple,  the  tides, 
indeed,  must  always  and  everywhere  be  broken  up,  divided, 
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and  multiplied,  as  they  advance  along  the  broken  coast  lines 
and  narrow  channels  that  form  the  mutual  boundarins  of  sea 
«nd  land.  And  the  more  complicated  and  intricate  the  coast, 
the  narrower  the  ocean,  and  the  more  its  bottom  is  interrupted 
by  shoals  and  banks,  the  further  will  the  tide  depart  from  its 
normal  type,  both  in  amount  and  in  the  time  occupied  in 
Teaching  from  one  point  to  another.  Thus,  while  in  ceitain  parts 
of  a  sea  there  is  only  one  tide  instead  of  two,  in  every  twenty- 
four  hours,  in  another  sea  there  are  three  or  even  four  tides 
in  the  same  period.  So,  also,  while  in  some  funnel  shaped 
channels  the  tide  rises  upwards  of  50  feet,  as  in  the  Bay  of 
Fundy,  in  Nova  Scotia,  40  feet,  as  in  the  Bristol  Channel,  and 
30  feet,  as  in  some  paits  of  the  English  ChHnnel ;  in  other  seas, 
as  in  part  of  the  German  Ocean,  a  high  water  sometimes 
■interferes  with  and  overtakes  a  low  water,  thus  extinguishing 
the  tide  altogether.  A  high  crested  wave,  called  a  fcore,  runs 
tip  several  large  rivers,  sometimes  at  particular  seasons,  some- 
times every  tide,  in  places  where  the  bed  of  a  river  is  encum- 
bered with  shoals.  Marginal  and  local  (ides,  apparently  dis- 
connected from  the  main  oceanic  tides,  though  really  derived 
from  them,  are  common;  more  especially  on  broken  shores, 
and  among  the  islands  on  the  Atlantic  coast.  As  the  earih 
revolves,  a  succession  of  tides  follow  each  other,  and  marginal 
■tide-waves  are  continually  given  off.  In  the  Atlnntic,  and  in 
the  Indian  Ocean,  these  proceed  from  the  south,  northwards; 
but  in  the  Pacific,  they  diverge  from  the  equator  towards  the 
poles.  The  great  tide-wave  that  advances  along  the  shores  of 
Europe,  and  impinges  on  the  west  coasts  of  Scotland,  Ireland, 
and  Cornwall,  passing  up  the  channel,  and  rounding  into  the 
North  Sea,  occupies  nearly  forty  houra  in  its  passage  from  the 
great  ocean  in  which  it  originates.  It  makes  the  tour  of 
Great  Britain  in  about  eighteen  hours  The  part  that  comes 
round  from  the  north,  and  that  part  advancing  up  the  English 
channel,  meet  a  little  north  of  the  Straits  of  Dover,  and  de- 
stroy one  another. 

The  true  tidal-wave  is  not  a  stream.  No  doubt,  in  confined 
channels,  it  is  converted  into  a  wave  of  tran.slation,  and  the 
body  of  the  water  is  driven  forwards ;  but  in  open  seas  it  is 
only  the  motion  that  is  transmitted,  not  the  water.  A  real 
wave  of  translation,  moving  at  the  rate  of  far  less  than  1,000 
miles  per  hour,  would  destroy  everything  with  which  it  came 
in  contact.     Thus,  a  ship  or  a  bird  floating  on  the  water  is 
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not  carried  forward  by  the  tide  in  open  ocean.  It  is  simplj^ 
lifted  up  and  let  down.  The  water  rises  from  beneath  it,  .•3n(f 
bears  it  up,  and  then  sinks  again,  and  the  ship,  or  bird,  sinks 
with  it.  This  motion  of  waves  has  often  been  compared  tO' 
that  of  the  ears  of  corn  in  a  field.  Moving  backward  and  for- 
ward, they  seem  to  advance,  but  we  know  that  they  are  all' 
rooted  to  the  ground.  In  both  cases,  it  is  the  wave  that 
moves,  not  the  water  or  the  com.  The  strong,  periodical  cur- 
rents, produced  by  the  tides,  are  due  entirely  to  the  configura- 
tion of  the  land,  and  are  strictly  local. 

There  are  two  kinds  of  currents  affecting  the  waters  of  the 
ocean ; — some  are  constant  and  permanent, — others,  temporary 
or  periodical ; — some  are  deep,  and  continue  their  course  for- 
thousands  of  miles, — others  are  shallow,  and  are  soon  turned 
and  checked.  The  latter  are  drifts ;  the  former,  streams. 
The  stream  currents  are  of  great  importance  to  climate,  and 
very  useful  to  navigators.  They  exist  in  most  parts  of  the- 
ocean.  Stream  currents  are  usually  due  to  prevalent,  but 
periodical  winds,  and  are  limited  to  certain  parts  of  the  ocean. 

The  origin  of  these  currents  in  the  ocean,  and  of  the  great 
system  of  circulation  that  forms  so  important  a  feature  in  the 
history  of  the  waters  that  cover  three-fourths  of  the  globe,  is 
to  be  sought  for  in  the  relative  position  of  land  and  water, 
and  the  general  distribution  of  heat.  The  currents,  therefore, 
that  we  have  to  consider  are  partly  due  to  local  and  temporaiy 
causes,  and  of  these  evaporation  m  excess  of  the  supply  from 
rain,  directly  or  indirectly,  is  one  of  the  most  important. 
Prevalent  winds,  narrow  and  enclosed  seas,  long  lines  of  coast 
stretching  from  the  poles  towards  and  far  beyond  the  equator,, 
broken  and  jagged  coast  lines,  and  lines  of  submarine  hill 
crossing  the  general  direction  of  an  ocean  at  right  angles, 
these  are  all  modifying  agents  affecting  the  continuous  move- 
ments of  the  sea,  and  inducing,  modifying,  or  checking  cur- 
rents. An  example  of  the  effect  of  evaporation  in  a  long 
narrow  sea  is  to  be  found  in  the  Red  Sea,  whose  surface  is  itn 
inclined  plain,  owing  to  the  enormous  quantity  of  water 
removed  from  it  into  the  atmosphere,  and  not  replaced  by 
rain  or  rivers.  The  quantity  thus  removed,  at  a  moderate 
estimate,  is  half  an  inch  per  day  during  summer.  At  that 
season  the  air  above  and  around  is  hot  and  dry,  and  its  shore* 
are  burning  sands.  It  is  not  extraordinary  that  in  spite  of  » 
strong  current  that  sets  inwards  from  the  Arabian  Sea  at  the- 
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rat»  of  nearly  a  mile  per  hour  (20  miles  a  day),  the  water  at 
the  head,  or  northern  part,  is  some  two  feet  lower  than  at  the 
foot.  As  the  Eed  Sea  is  1,000  miles  long,  the  water  entering 
takes  fifty  days  to  reach  the  head,  and  in  doing  so  loses 
fcwenty^five  inches  of  height. 

But  the  evaporated  water  leaves  its  salt  hehind,  and  this 
must  either  accumulate  and  render  the  Red  Sea  hrine,  which 
it  is  not,  or  it  must  pass  away.  It  can  only  escape  by  & 
return  or  outer  current  beneath  the  in-coming  upper  stream. 
Such  a  current  is  known  to  exist  in  the  Mediterranean,  which 
is  alse  a  confined  sea  on  a  much  larger  scale,  and  receiving 
great  though  insufiScient  supplies  of  fresh  water.  A  current 
of  the  same  kind,  no  doubt,  exists  also  in  the  Red  Sea.  It  is 
known  by  observation  that  the  surface  waters  at  the  head  of 
the  Red  Sea  are  Salter,  and  therefore  heavier  than  the  surface 
waters  at  the  Straits  of  Bab-el-Mandeb.  Dr.  Buish  has  cat 
culated  that  without  such  under  current  the  Red  Sea  would 
have  become  one  mass  of  solid  salt  in  the  last  three  thousand 
years.  Both  the  indraught  and  the  deep  cun-ent  outwards, 
well  known  to  exist,  are  thus  explained  in  the  case  of  many 
partially  enclosed  seas.  At  tbe  entrance  of  the  Red  Sea  there 
are  periodical  surface  currents  flowing  in  from  October  to 
May,  and  out  during  the  rest  of  the  year. 

The  Mediterranean,  like  the  Red  Sea,  loses  more  water  by 
evaporation  fiv)m  the  surface  than  it  receives  from  rain  and 
rivers,  and  there  is,  consequently,  a  steady  inflow  of  salt  water 
from  the  Atlantic  through  the  Straits  of  Gibraltar, — ^its  only 
communication  with  open  water.  As  the  level  of  the  Mediter- 
ranean does  not  lower,  and  its  waters  do  not  become  constantly 
more  salt,  there  must  be  an  equally  strong,  counter  current. 
There  are  many  actual  proofs  of  the  existence  of  this  reverse 
under-current  of  water  below  the  entering  current,  which  floats 
over  it.     The  deep  current  is  intensely  salt. 

The  great  currents  are  those  which  chiefly  affect  climate. 
They  are  the  best  known,  partly  from  their  real  magnitude, 
and  partly  because  of  their  use  to  navigators.  They  are  not 
very  numerous,  and  their  course  and  history  is,  for  the  most 
part,  pretty  well  determined.  Of  the  whole  number,  the  Gulf 
stream  of  the  Atlantic  is  the  most  important.  It  is,  however, 
80  intimately  connected  with  a  number  of  other  currents  that 
10  understand  its  course  from  its  origin  we  must  refer  to  the 
currtnts  of  the  Indian  Ocean.      Strictly  speaking,  the  Gulf 
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Stream  issues  from  the  Gulf  of  Mexico.  It  may  be  said  to 
rush  out  thence  towards  the  north,  between  Florida  and  the 
Bahamas,  having  at  the  "  Narrows "  of  Bernini  a  width  of 
SH  miles,  a  depth  probably  not  less  than  SOO  fathoms,  and  a 
Telocity  of  nearly  five  miles  per  hour.  Off  Cape  Hatteras  the 
width  has  become  75  miles,  the  depth  130  fathoms,  and  the 
rate  diminished  to  3^  miles  per  hour.  Further  north  it  trends 
to  the  east,  describing  a  curve  nearly  identical  with  the  arc  of 
a  great  circle,  from  the  Narrows  of  Bernini  to  the  shores  of 
Ireland  The  current  touches  the  banks  of  Newfoundland, 
where  it  is  intersected,  as  it  were,  by  the  course  of  the  Arctic 
current  bringing  down  icebergs.  The  width  is  here  much 
greater,  and  the  depth  reduced  in  proportion.  As  it  crosses 
file  Atlantic  it  widens  and  shallows,  and  its  rate  of  motion  is 
diminished  to  a  mile  an  hour.  Approaching  the  shores  of 
Europe,  it  is  turned  southwards,  and  dies  away,  or  is  inter- 
fered with  by  other  currents  off  the  African  coast.  As  it 
issues  from  the  Straits  of  Florida  the  temperature  of  the  water 
is  nearly  90°,  and  considerably  above  that  of  the  adjacent 
ocean.  After  travelling  through  ten  degrees  of  latitude  to  the 
north  it  has  still  a  temperature  of  84",  and  it  parts  very  slowly 
with  its  heat  as  it  crosses  the  Atlantic.  It,  therefore,  brings 
a  large  supply  of  heat  to  the  shores  of  Europe.  The  whole 
course  of  this  remarkable  current  is  not  less  than  3,000  miles, 
and  it  occupies  about  eighty  days  in  its  progress.  Although 
liable  to  some  change  of  direction  it  is,  on  the  whole,  wonder- 
fully persistent.  It  is  a  great  and  wide  stream  of  heated 
water,  larger  than  all  the  rivers  of  the  world  together,  run- 
ning in  a  definite  channel  through  colder  water  of  a  different 
colour,  so  that  when  a  ship  enters  the  stream  in  smooth  water 
one  may  see  the  bows  dashing  the  spray  from  the  warm  and  dark 
blue  waters  she  is  entering,  while  the  stern  is  still  within  the 
p.ile  green  and  cold  waters  of  the  banks  of  Newfoundland*  It 
is  worthy  of  remark,  that  the  waters  of  the  Gulf  stream  off  the 
American  shores  are  Salter  than  the  waters  through  which  it 
flows. 

In  the  North  Pacific  Ocean  is  a  smaller  and  less  important 
gulf  stream,  called  the  Black  Stream  of  Japan.  The  study  of 
it  is  instructive  in  reference  to  the  greater  stream  in  the  North 
Atlantic.     The  waters  of  the  North  Pacific  are  far  more  widely 

•  Maviry's  "  Phyeical  Geography,"  p.  92. 
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extended  in  longitude,  than  those  of  the  Atlantic,  but  they  do 
not  reach  ahove  the  60th  parallel  of  latitude ;  and  no  icebergs 
enter  them  from  the  north.  Thus  the  element  of  cold  proceed- 
ing from  the  Arctic  Ocean  and  cooling  the  water  of  the  Atlantic 
to  a  low  temperature,  is  absent ;  but,  on  the  other  hand,  the 
inter-tropical  waters  of  the  Pacific  are  not  heated  like  those  of 
the  Caribbean  Sea,  for  they  are  nowhere  shut  in  and  detained 
while  the  heating  goes  on.  Thus  little  effect  is  produced  and 
the  current  is  unimportant. 

The  Gulf  stream  takes  its  name  from  the  Gulf  of  Mexico, 
where  it  emerges  from  that  warm  sea ;  but  we  may  connect  it 
with  another  current,  starting  from  the  Bay  of  Biscay,  skirt- 
ing the  shores  of  Africa,  crossing  the  Atlantic  to  Cape  St. 
Bocque,  in  Brazil,  and  entering  the  Caribbean  Sea  with  a 
temperature  of  96".  This  is  a  portion  of  the  main  equatorial 
current,  first  distinctly  recognisable  off  the  coast  of  Africa,  a 
little  south  of  the  equator.  Running  nearly  on  the  line  of 
the  equator,  and  therefore  in  a  great  circle  to  the  west,  it  is 
nearly  parallel  to  the  Guinea  current,  which,  coming  from  the 
west,  dies  away  near  the  mouth  of  the  Niger.  These  two 
adjacent  streams,  whose  temperature  differs  by  10°  F.,  thus 
•flow  with  some  velocity  in  opposite  directions  for  nearly  1,000 
miles.  The  main  equatorial  current,  after  crossing  the  ocean 
to  about  iiijo  W.  longitude,  sends  off  a  north- west  branch  to 
San  Rocque,  and  another  branch  to  the  south,  parallel  to  the 
South  American  coast.  It  there  forms  the  Brazil  current. 
It  has  several  smaller  branches,  and  is  everywhere  a  cold 
current,  generally  from  4'  to  6"  below  the  adjacent  ocean. 
Its  depth  must  be  considerable,  as  the  waters  of  the  La  Plata, 
issuing  with  a  very  strong  current,  do  not  seriously  deflect  it. 

Connecting  the  Gulf  stream  and  the  Equatorial  current  are 
two :  Rennel's  current  runs  northwards  along  the  coasts  of 
Spain  and  France  to  Ireland,  and  the  North  African  current 
runs  southwards  into  the  Equatorial  current.  Replacing  the 
waters  of  the  hot  stream  removed  from  the  Gulf  of  Mejcico 
there  is  a  strong  Arctic  or  Polar  current  coming  along  the 
coasts  of  Greenland  and  Labrador,  and  uniting  with  the  current 
from  Davis'  Straits.  This  current  is  at  first  superficial,  con- 
veying icebergs  sometimes  across  the  Gulf  stream,  but  it 
descends  and  runs  for  the  most  part  at  a  considerable  depth 
;below  the  Gulf  stream.  It  connects  with  the  United  States 
counter  current.     Besides  some  currents  in  the  northern  part 
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of  the  South  Atlantic,  the  Antarctic  current  conveys  into  the- 
latitude  of  the  Cape  of  Good  Hope,  and  even  much  higher, 
large  icebergs  from  the  South  Polar  land.  The  South  Atlantic 
current  is  part  of  a  stream  coming  round  the  Cape  of  Good' 
Hope,  and  another  part  of  the  same  stream  forms  a  counter- 
current.  Most  of  these  currents  vary  in  width,  depth,  rate,. 
and  temperature,  according  to  season  and  local  conditions, 
but  the  changes  are  kept  within  fixed  and  often  narrow 
limits. 

The  currents  of  the  Pacific  are  less  definite,  and  for  the 
most  part  much  less  known  than  those  of  the  Atlantic.  We- 
have  already  seen  that  the  Black  stream  of  Japan,  which  rep- 
resents the  Gulf  stream  of  the  North  Atlantic,  is  comparatively 
unimportant.  In  the  South  Pacific  a  South  Polar  current 
brings  cold  water  along  the  western  coast  of  South  America,, 
reversing  the  operation  of  the  Gulf  stream  on  Europe.  In  the 
Indian  Ocean  is  the  Mozambique  current,  a  warm  stream,  run- 
ning from  inter-tropical  seas  to  the  Polar  regions,  sweeping 
the  east  coast  of  Africa,  and  resolving  itself  into  a  gentle  flow 
of  warm  water  towards  the  Antarctic  Ocean,  and  a  counter- 
current  of  cold  water  towards  the  north.  This  is  Humboldt's 
current. 

Besides  the  tidal  wave,  the  waves  produced  by  the  wind, 
tbe  great  currents  and  counter-currents  of  the  ocean,  and  the 
smaller,  more  partial,  and  less  regular  currents  that  exist  in 
all  enclosed  seas,  there  are  oiher  phenomena  of  the  ocean 
more  strictly  local,  but  requiring  notice.  Eddies  and  whirl- 
pools are  among  these.  They  are  produced  by  opposing  wind* 
and  tides.  The  Maelstrom,  on  the  Norway  coast,  is  occasioned 
by  tidal  currents  round  certain  islands.  It  is  a  mile  and  a-half 
in  diameter,  and  its  roar  is  sometimes  heard  at  a  distance  of 
several  leagues.  It  varies,  however,  and  is  sometimes  triSing. 
The  celebrated  and  classical  vortex  of  Charybdis,  outside  th» 
harbour  of  Messina,  consists  rather  of  undulating  water  than' 
a  true  whirlpool.  It  is  often  not  to  be  recognised,  but  at  certain 
seasons  it  is  said  to  be  powerful  enough  to  whirl  round  even  * 
seventy-four  gun  ship,  and  is  formidable  to  small  craft.  The- 
water  near  is  from  70  to  90  fathoms'  deep,  and  the  eddy  is 
probably  due  to  the  meeting  of  currents. 

There  are  many  examples  of  still  water  surrounded  withi 
currents.  Of  these  the  Sargussos,  or  weedy  seas,  are  the  most 
remarkable.     The  North  Atlantic  Sargasso  sea  occupies  a  con- 
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sidorable  but  variable  space  betvfeen  the  15th  and  30th  paral- 
lels of  north  latitude  and  the  20th  and  40th  meridians  of  west 
longitude.  It  is  sometimes  so  thickly  matted  over  with, 
brownish  weed  as  to  hide  the  water,  and  present  something  of 
the  appearance  of  a  drowned  meadow,  on  which  one  could  walk 
This  part  of  the  sea  is  crowded  with  fish ,;  and  into  it  are 
drifted  trees  and  plants,  brought  down  by  the  Amazon  from 
the  Andes,  and  from  the  fiocky  Mountains  by  the  Mississippi. 
A  lai'ge  deposit  of  organic  matter  must  be  forming  at  the  bot- 
tom of  this  part  of  the  Atlantic.  Another  Sargasso  sea  exists . 
in  the  North  Pacific,  between  the  30th  and  40tli  parallels  of 
latitude.  It  is  similar,  but  smaller,  and  less  rich  in  drifted 
matter.  There  is  a  third  in  the  Indian  Ocean,  between  the 
45th  and  55th  parallels  of  south  latitude,  and  between  dO^ 
and  80°  east  longitude.  In  all  these,  the  Sargasso  is  in  the 
middle  of  a  pool  between  warm  and  cool  currents.  But  the 
gulf  weed  is  not  confined  to  the  open  ocean.  Fragments  of  it 
are  broken  away  and  drifted,  and  are  thus  brought  even  so  far 
as  the  Straits  of  Dover  It  is  not  unusual  in  the  months  of  July 
and  August  to  see  large  quantities  of  drifted  weed,  in  crossing 
the  channel  between  Folkestone  and  Boulogne.  In  perfectly 
fine,  calm  weather,  the  water  is  sometimes  almost  as  much 
covered  with  vegetation  in  these  seas  as  in  the  immediate- 
neighbourhood  of  the  great  Sargasso  sea  itself. 


CHAPTER  VIII. 

EIVEBS    AND    KIVEB    SYSTEMS. 

'Thb  grand  phenomena  of  Ihe  ocean  are,  b}'  the  aid  of  the 
iatmosphere,  brought  into  direct  relation  with  the  wViole  surface 
■of  the  land  ;  and  the  cirouladoQ  of  water,  with  its  various 
Te.sults,  mechanical  and  physical,  may  be  said  to  be  the  great 
fundamental  cause  of  the  actual  structure  and  condition  of  the 
-earth's  surface.  We  shall  consider,  in  another  chapter,  the 
mechanism  involved  in  the  production  of  these  results,  so  lar 
as  the  atmosphere  is  concerned.  At  present,  looking  only  to 
"the  fact  that  rain  falls,  and  that  the  water  thus  obtained  cir- 
culates over  the  surface  for  a  time,  let  us  endeavour  to  trace 
its  inevitable  course.  We  see  it — and  every  one  is  familiar 
with  the  phenomena — sometimes  merrily  coursing  down  a  hill 
side,  or  rushing  in  a  rapid  torrent  through  a  mountain  gorge; 
now  pouring  in  collected  streams  down  wide  valleys;  collecting 
occasionally  into  swamps,  pools,  or  lakes ;  pursuing  its  course 
onwards  across  great  plains  ;  occasionally  rushing  along  in 
rapids,  or  falling  in  cataracts ;  receiving  from  time  to  time 
numerous  tributaries ;  and  at  length  approaching  the  ocean, 
•carrying  back  to  it  the  tribute  derived  from  a  thousand  lands. 
At  first  the  stream  moves  rapidly,  but  as  it  advances,  generally 
diminishes  so  much  in  speed  that,  as  it  finally  passes  through 
the  low  plains  near  the  end  of  its  course,  it  becomes  no  longbr 
.able  to  convey  along  the  mud  and  stones  brouj»ht  down  from 
the  upper  country.  These  must  accordingly  be  left  behind, 
and  are  spread  out  in  vast  fan-shaped  deltas,  or  in  long,  pro- 
jecting tongues,  advancing  into  the  sea  and  encroaching  on  the 
■domain  of  the  ocean.  Thus,  wherever  a  principal  stream 
<makes  a  long  passage  over  a  large  continent,  it  produces  a 
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mnrked  effect,  both  on  the  land  through  which  it  passes  and' 
on  the  ocean  it  enters. 

Rivera  are  very  important  phenomena.  They  open  out  the 
interiors  of  continents  by  providing  navigable  channels,  enabling- 
lioats  and  ships  to  reafch  the  population  on  their  banks  ;  they 
carry  off  waste  material  and  decaying  organic  matter  that  would' 
otherwise  be  mischievous ;  they  provide  water  for  the  inhabi- 
tants of  the  towns  built  near  them ;  and  they  yield  power — 
adv«ntage  being  taken  of  their  continued  cun-ents  to  carry 
down  to  the  sea  rafts  and  barges,  or  turn  float-wheels  to  grind 
corn.  The  channels  in  which  they  run  act  also  as  convenient 
channels  for  winds  and  currents  of  air.  A  country  without- 
permanent  streams  is,  indeed,  so  little  fitted  for  vegetation  and 
for  animal  life,  that  it  must  almost  be  regarded  as  a  desert: 
while  a  well-watered  distrii-t  permits  of  rapid  development, 
and  of  earlv  and  complete  subjugation  by  man. 

It  is  not  the  largest  rivers  that  are  the  most  useful  Those- 
of  moderate  proportions  are  often  even  more  available,  by  being 
more  managetible.  Neither  are  the  most  rapid  rivers  those 
that  most  perfectly  perform  the  duties  devolving  on  them. 
The  country  with  numerous  streams  of  moderate  volume,  and' 
running  at  a  convenient  rate,  is  that  which  will  be  on  the 
whole  most  perfectly  utilised  by  the  human  race. 

As  a  matter  of  geographical  convenience  the  whole  surface 
of  every  tract  of  land,  whether  continent  or  island,  may  be 
divided  into  areas,  each  drained  by  souie  river  or  system  of 
rivers.  To  make  this  division  it  is  only  necessary  to  take  the 
best  available  map,  and  connect  the  points  midway  between 
the  head  waters  of  all  the  streams  entering  the  sea,  or  some 
internal  sheet  of  water.  The  smaller  brooks  and  streamlets 
connect  with  others  of  larger  size,  and  these  with  the  main 
rivers.  The  number  of  the  principal  slreains  is  not  so  great 
as  to  render  this  method  troublesome,  and  the  divisions  of  land' 
into  natural  drainage  areas  or  river  systems  is  often  extremely- 
useful.  It  is  not  usual  to  include  in  such  areas  the  portions 
of  the  earth  where  the  druiuage  is  effected  by  small  streams 
running  directly  into  the  ocean,  and  thus  the  drainage  areas  of 
the  main  streams  falls  far  slioit  of  the  whole  area  of  the  land- 

The  line  determining  the  drainage  area  of  a  river  system  is 
called  the  vater  shed,  or  water  parting  (from  the  German  wasser- 
tcheide)  : — the  former  term  is  more  common,  the  latter  more 
correct.    The  watei^shed,  however,  does  not   necessarily  rua 
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-along  a  mountain  ridge,  or,  in  other  words,  that  ai^er  systems 
are  not  always  enclosed  by  high  lands.  The  main  sources  .of 
«ach  of  two  large  streams  running  in  opposite  directions,  may 
originate  in  the  same  ponds  or  swamps,  through  which,  there- 
fore, the  water-shed  must  pass.  Such  main  sources  may<even 
.proceed  from  wide,  level  tracts  of  country,  from  which  the 
rain  runs  off  indifferently  to  north  or  south,  so  that  one  portion 
may  ultimately  join  a  stream  running  to  the  equator,  while 
another  may  reach  the  Arctic  sea. 

The  sources  of  a  stream  need  bear  no  proportion  in  magni- 
tude or  importance  to  the  stream  ultimately  produced.  All 
riyers  of  any  magnitude  are  due  to  the  running  together  of 
numerous  streams,  and  it  is  often  a  matter  of  accident  which  of 
them,  by  bearing  the  name  of  the  lower  part,  shall  be  regarded 
as  the  principal.  There  are  a  few  cases  in  which  a  stream, 
already  large,  issues  from  the  earth  at  some  definite  point, 
and  obtaining  a  name  at  once,  preserves  it  till  it  reaches  the 
flea  Tn  these,  however,  the  stream  has  acquired  its  volume  of 
water  from  underground  tributaries,  that  have  only  not  been 
named  because  they  have  not  been  followed  and  made  avail- 
able. It  is  generally  very  difi&cult  to  decide  which  of  various 
feeders  of  the  main  stream  is  the  most  influential. 

It  is  certain  that  the  real  sources  of  great  rivers  are  generally 
indeterminable,  and  that  if  they  could  be  discovered  the  dis- 
covery would  be  unimportant  and  insignificant.  It  is  no  doubt 
of  the  greatest  importance  and  interest  to  learn  the  geography 
of  the  interior  of  Africa,  to  discover  the  watercourses  that 
combine  to  form  the  Nile  and  other  chief  streams,  to  trace 
them  to  their  sources,  and  to  determine  whether  they  are  de- 
rived from  a  mountain  chain,  a  plateau,  or  a  lake,  for  in  this 
way  only  can  we  learn  the  physical  features  of  the  country  and 
all  the  facts  that  we  require  to  know  concerning  its  structure. 
But  the  mere  looking  at  the  nominal  source  of  some  one  out  of 
ten  thousand  of  the  streamlets  whose  waters  enter  the  Medi- 
terranean near  Alexandria  under  the  name  of  Nile  is  a  matter 
of  puerile  curiosity  rather  than  scientific  interest.  It  is  with 
the  Nile  as  w^tli  most  of  the  great  rivers  of  the  earth.  AH  such 
rivers  combine  many  important  streams  coming  from  very- dif- 
ferent lands.  In  the  mountains  of  Abyssinia,,  visited  by  Bruce, 
axe  sources  hardly  less  important  than  the  great  lakes  more 
recently  reached.  Every  traveller  who  makes  a  great  and 
sncoessful  effort  ito  visit  a  district  before  unvisited,  deserves 
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well  of  his  fellow  men,  and  should  be  welcomed  accordingly, 
And  in  proportion  to  the  difficulties  incurred  and  the  extent 
of  the  discoveries  will  be  the  estimate  in  which  the  traveller 
must  be  hdd. 

One  other  point  requires  notice  before  considering  in  detail 
the  drainage  areas  of  the  world.  The  great  river  systems  are 
not  necessarily  disconnected.  There  are  instances,  rare  but 
by  no  means  unimportant,  in  which  very  large  branches  of 
streams,  belonging  to  drainage  areas  altogether  distinct,  are 
connected  by  natural  channels,  as  others  are  by  artificial  canals. 
Thus,  in  South  America  the  Amazons  connects  with  the  Ori- 
noco by  a  net  work  of  rivers  at  a  high  level.  There  is  no 
Other  instance  known  on  so  grand  a  scale.  Even  on  a  small 
scale  they  are  rare.  There  is  no  confusion  whatever  as  to  the 
drainage  areas  of  two  streams  thus  connected. 

It  will  naturally  and  inevitably;  happen  that,  as  a  greaiter 
rain-fall  generally  takes  place  on  mountain  sides  and  high 
ground  than  on  low  plains  and  in  valleys,  the  ultimate  sources 
of  rivers  will  generally  connect  themselves  with  mountain 
chains.  The  faU  of  water  from  a  higher  to  a  lower  level  is, 
indeed,  necessary  to  produce  a  river,  for  without  such  fall  the 
water  accumulates  and  becomes  a  swamp  or  lake.  The  actual 
■difference  of  level  between  the  original  sources  of  a  river  and 
the  sea  is,  however,  only  one  and  not  the  most  important  cause 
of  its  rate  of  advance.  Streams  with  a  moderate  fall,  but  run- 
ning with  little  interruption  on  a  regular  slope  and  in  a  straight 
course  to  the  sea  with  a  large  body  of  water,  are  the  most  rapid. 
Those  which  are  tortuous,  either  from  the  presence  of  hard 
rocks  in  their  line  of  course  or  from  being  obliged  to  wind 
through  a  broad  tract  of  low,  muddy  soil,  are  generally  very 
slow,  even  if  they  originate  at  extremely  high  levels.  The 
former  carry  the  detritus  they  bring  down  from  the  high 
grounds  into  the  sea.  The  latter  leave  it  behind,  and  by 
forming  deltas  are  continually  increasing  the  distance  they 
have  to  run  before  becoming  lost  in  the  ocean.  All  streams 
and  all  parts  of  every  stream  must  be  regarded  as  assisting  in 
the  great  work  of  denudation — removing  particles  of  rock  and 
soil  from  the  higher  levels  and  depositing  them  below  on  the 
plains  or  at  their  mouths. 

Bivers  discharge  their  waters  into  the  sea  partly  by  a  regular 
flow,  and  partly  byfreshets  or  floods  Tiie  proportion  that  runs 
off  by  floods  differs  much  even  in  the  case  of  streamshavingsimilar 
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drainage  areas.  Under  ordinary  circumstances  the  proportion 
of  water  entering  the  sea  to  the  total  raiufall  over  the  drainage 
ares  .8  from  one-third  to  one-fourth  part.  It  is  sometimes  less. 
and  certain  small  streams  discharge  into  the  sea  even  more 
than  the  whole  annual  rainfall  over  their  drainage  area  This 
is  the  case  with  the  river  Eden,  near  Carlisle,  and  is  of  course 
altogether  exceptional  The  meau  discharge  of  a  river  bears 
a  general  ratio  to  the  total  drainage  area ;  but  the  maximum 
and  minimum  discharges  can  hardly  be  said  to  have  any  ratio 
to  the  meau.  Thus,  in  some  large  rivers  passing  through 
plateaux  and  over  countries  where  there  is  little  to  detain  the 
water,  the  maximum  becomes  a  torrent  and  the  minimum  per- 
fect dryness,  The  rivers  of  Spain  and  those  of  Australia  are 
of  this  kind  Other  streams,  passing  through  lakes,  run  almost 
all  the  year  the  same  quantity  of  water.  Of  this  kind,  the  most 
remarkable  example  is  the  St.  Lawrence. 

All  drainage  areas  possess  means  of  averaging  their  dis- 
charge, and  avoiding  floods.  Of  such  ■' flood  moderators,"'  as 
they  have  been  called,  lakes  are  the  most  complete :  but  a 
mere  extension  of  the  drainage  area  acts  in  the  same  way.  for 
it  collects  the  rainfall  from  a  wider  district  and  increases  the 
differences  of  distance  the  various  waters  have  to  travel.  In  a. 
large  dramage  area,  the  local  floods  occuiring  in  some  districts 
are  counterbalanced  by  droughts  in  other  districts,  so  that  the 
actual  discharge  of  water  vanes  but  little.  This  is  ihe  CKse 
with  the  Mississippi,  which  scarcely  suffers  from  flonds,  although 
its  waters  pass  through  very  few  bikes.  But  during  flood- 
season  the  waters-  c'  ,he  Mississippi  and  its  tribiitaries  spread 
and  flow  back  over  wide  expanses  of  niaisli  or  swamp,  which 
are  powerful  flood  moderators.  Snow  and  glaciei-s  at  the  source 
of  a  great  stream  act  also  m  the  same  way,  tur  the  melting  of 
the  snow  and  ice  takes  place  generally  whi-n  the  walei-s  would 
otherwise  be  at  the  lowest  An  absorbent  soil,  a  large  extent 
of  gravel,  chalk,  or  cracked  and  broken  limestone,  cause  the 
disappearance  of  enormous  quantities  of  water,  which  some- 
times re-appear  and  enter  the  sea  in  another  diainnge  urea. 
Evaporation,  from  an  extensive  surface  of  absorbent  rocks,  also 
removes  a  large  quantity  of  water.  It  has  been  found  even  in 
England,  within  the  drainage  area  of  the  Thames,  that  after 
dry  weather  a  raiufall  of  two  and  a-half  inches  has  failed  to 
increase  the  stream,  though  at  other  times  the  efl"eot  of  the 
same  amount  of  rain  would  have  been  recognised  in  tweuty- 
four  hours. 
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"Bayer  systems  being  determined  by  the  streams  that  enter 
the  ocean,  it  is  convenient  to  consider  them  with  reference  to 
the  great  tracts  of  water,  rather  than  the  great  continents.  It 
would  be  too  tedious  to  enter  into  a  detailed  account  of  all  the 
river  systems  of  the  world,  but  an  outline  of  the  largest,  most 
important,  and  most  interesting  is  essential  for  the  proper  com- 
prehension of  this  part  of  our  subject.  There  are  three  great 
sub-divisions  of  the  water  that  \rill  guide  us  to  the  first  group- 
ing of  these  systems,  and  the  natural  divisions  of  the  land  wiU 
then  help  to  form  smaller  groups.  Except  as  regards  the 
British  group  it  would  be  impossible  to  include  islands  in  any 
general  Consideration  of  the  great  river  systems,  as  each  island 
possesses  its  own  series,  often  as  numerous  as  those  of  large 
continents.  It  is  also  necessary  to  exclude  the  small  streams 
that  drain  at  once  into  the  ocean  by  short  courses,  and  do  not 
connect  themselves  with  the  adjacent  systems.  There  are 
certain  important  streams  entering  the  great  lakes  of  the  old 
world,  and  not  emerging  to  reach  the  ocean.  These  must  be 
considered  separately. 

Emptying  into  liie  Atlantic  Ocean  and  into  the  variou* 
smaller  seas  opening  out  from  it  I  the  Gulf  of  Mexico,  the  Medi- 
terranean, and  the  Baltic),  we  find  a  list  which  includes  a  large 
proportion  of  the  principal  streams  of  the  world.  But  the 
natural  drainage  of  the  land  is  only  partially  effected  by  these 
streams,  and  it  does  not  necessarily  follow  that  there  is  unim- 
portant drainage  because  the  waters  do  not  collect  into  large 
channels.  We  shall  allude  very  briefly  to  the  drainage  of  these 
parts  of  the  land  not  included  within  the  river  systems. 

Commencing  with  the  Scandinavian  peninsula,  we  find  the 
whole  line  on  the  west  side  of  the  lofty  mountain  chain  that 
separates  Norway  from  Sweden  entirely  without  any  consider- 
able stream.  Even  on  the  east  side  and  on  the  shores  of  the 
Gulf  of  Bothnia,  although  there  are  many  lakes  and  small 
streams,  there  is  little  drainage  by  rivers.  The  low  plains  to 
the  east,  as  far  as  the  Ural  mountains,  serve  as  a  water-shed, 
and  separate  the  drainage  of  the  Arctic  Ocean  from  that  of  the 
Caspian  Sea.  The  Swirr  and  the  Neva  entering  the  Gulf  of 
Finland  from  the  east,  are  natural  canals  rather  than  rivers, 
but  they  receive  a.  considerable  drainage.  Further  south,  the 
eastern  shores  of  the  Baltic  receive  the  Dwina,  the  Niemen, 
and  the  Vistula,  draining  small  areas  and  separated  from  the 
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tributaries  of  the  Don  and  Dneiper,  which  run  into  the  Black 
Sta.  The  Oder  succeeds,  and  is  the  last  stream  entering  the 
Baltic  to  -which  we  need  refer.  All  these  streams  run  through 
the  flat  lands  of  the  great  plain  of  northern  Europe,  and  they 
offer  little  that  is  remarkable  in  their  course,  either  in  the  way 
of  scenery  or  geology.  The  Neva  connects  Lake  Ladoga  with 
the  (iulf  of  Finland,  and  is  thus  a  strait,  almost  as  much  as  a 
river.  Its  length  is  40  miles  (navigable  the  whole  distance), 
breadth  1.500  feet,  depth  50  feet.  It  is  estimated  to  drain 
■about  90,000  square  miles  of  country.  The  Niemen  or  Memei 
runs  400  miles,  receiving  two  principal  confluents,  and  drain- 
ing about  90,000  square  miles.  The  Vistula  is  a  more  impor- 
tant stream.  Rising  in  the  Carpathians  and  running  about 
530  miles,  including  windings,  it  at  length  enters  the  Baltic 
by  several  arms,  after  having  traversed  Poland  and  Western 
Prussia,  and  received  in  its  course  several  tributaries.  It 
•drains  75,000  square  miles  of  country.  The  Oder,  also,  rises 
in  the  Carpathians,  and,  after  running  450  miles,  enters  the 
Lake  of  Stettin,  after  which  it  passes  into  the  Baltic  by  three 
branches.  It  drains  50,000  square  miles.  These  various 
streams,  together,  drain  more  than  250,000  square  miles  of 
northern  Europe. 

The  streams  entering  the  German  Ocean  commence  vfitb 
the  Elbe,  which  rises  in  the  Riesengehirge  in  Bohemia  and 
runs  more  than  600  miles,  including  windings.  It  receives 
the  Spree,  Moldau,  Eger,  Saale  and  other  streams.  Although 
rising  at  a  height  of  4,500  feet  above  the  sea,  its  bed  in  all  the 
lower  part  of  its  course  is  very  low,  and  its  mouth  is  choked  np 
with  mud  and  sand.  It  drains  56,000  square  miles.  The 
"Weser  is  a  smaller  stream,  formed  by  the  union  of  the  Fulda 
and  Werra  near  Hanover.  Its  total  course  is  about  250  miles, 
and  it  drains  an  area  of  17,500  square  miles.  It  receives 
several  streams,  and  is  navigable  to  a  great  distance. 

We  next  come  to  the  Rhine,  one  of  the  chief  of  the  rivers  of 
Europe.  It  enters  the  German  Ocean  after  a  long  course, 
taking  its  rise  in  the  main  chain  of  the  Alps.  This  noble 
stream  has  not  a  direct  course  of  much  greater  length  than  the 
Elbe,  but  it  is  a  far  more  important  stream.  The  Vorder  ar<t 
Hinter  Rhein  combine  to  form  the  Rhine,  commonly  so  callei!. 
Both  these  branches  proceed  from  glaciers  more  than  7,0'i(r 
feet  above  the  sea.  The  Rhine,  after  this  junction,  runs  nort  k 
to  the  Lake  of  Constance,  then  turns  westwards  and  falls  bO 
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feet  on  emerging  at  Schaffhauseu.  Where  it  passes  Bale  it  is 
still  765  feet  a.bove  the  sea.  It  then  runs  steadily  to  the 
■north,  constantly  increasing  by  the  addition  of  a  host  of  im- 
portant tributaries,  of  which  the  Kinzig,  Neckar,  Main,  Lahn, 
Ruhr  and  Lippe  come  in  from  the  right,  and  the  Thur,  Aar, 
lUe  and  Moselle  from  the  left.  Passing  between  a  mountain 
gorge  below  Mayence  it  opens  out  again  near  Bonn  and  be- 
comes very  wide.  After  entering  the  Netherlands  it  runs 
through  a  great  distance  of  delta  and  mud,  brought  down  and 
deposited  by  the  stream  itself  in  past  times.  It  is  subject  to 
freshets  and  floods.  The  total  course  of  the  Rhine  including 
windings,  is  estimated  at  700  miles,  and  the  area  of  drainage 
at  87,000  square  miles. 

The  British  islands  grouped  opposite  the  mouths  of  the 
Rhine  present  a  considerable  area  drained  by  three  or  four 
rivers  of  some  magnitude,  and  a  number  of  others  much 
smaller.  They  discharge  their  waters  some  into  the  Atiantie 
direct,  but  others  into  the  German  Ocean  and  the  St.  George's 
Clhannel.  The  Thames  and  the  Severn  are  the  largest  of  the 
English  streams.  The  Thames  takes  its  rise  from  the  Gottes  ■ 
wolds,  a  range  of  limestone  hills  crossing  England  from  south- 
west to  north-east.  The  Severn  rises  in  the  Welsh  mountains. 
Both  receive  many  tributaries  and  convey  much  water.  The 
Thames  rises  about  376  feet  above  the  sea,  runs  215  miles 
and  drains  about  6,500  square  miles  of  country  into  the  Ger- 
man Ocean.  The  Severn  rises  1,500  feet  above  the  sea,  runs 
glO  miles  and  drains  about  6,000  square  miles  into  the  Bris  ■ 
tol  Channel.  The  Shannon,  the  principal  river  of  Ireland, 
rises  258  feet  above  the  sea,  runs  254  miles  and  drains  6,600 
square  miles  of  country  into  the  Atlantic.  Of  the  other  rivers 
the  Trent  and  the  Ouse  in  England,  the  Clyde  in  Scotiand,  and 
the  Blackwater  in  Ireland,  are  the  principal. 

Of  the  French  rivers  the  Seine,  the  Loire  and  the  Garonne, 
besides  some  of  smaller  size,  enter  the  British  Channel  or  the 
Bay  of  Biscay.  The  Seine  and  Loire  rise  in  the  middle  of 
France,  the  former  in  the  Cote  d'Or  the  latter  in  the  Ardeche. 
Both  receive  important  and  navigable  tributaries.  The  Seine 
runs  414  miles  and  is  navigable  for  350.  It  drains  30,000 
square  miles.  The  Loire  runs  530  miles  and  drains  45,250 
«quare  miles.  It  is  subject  to  inundations  which  are  often 
very  destructive.  It  enters  the  Bay  of  Biscay  by  a  wide  es- 
tuary, and  carries  with  it  a  vast  quantity  of  mud  which  dia- 
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colours  the  water  to  a  distance  of  many  miles  from  the  coast. 
The  Garonne  rises  in  the  Pyrenees,  and  after  300  miles 
receives  the  Dordogne  and  enters  an  estuary  of  45  miles.  It 
is  thence  called  the  Gironde.     It  drains  33,500  square  miles. 

There  are  no  streams  of  importance  between  the  Girondo 
and  the  Douro.  The  Landes  extend  on  the  shores  of  the 
Bay  of  Biscay,  and  the  Pyrenees  form  a  coast  range  on  the^ 
north  of  Spain.  The  Douro  runs  for  400  miles,  but  is  often 
nearly  dry.  It  drains  40,000  square  miles.  It  receives 
many  tributaries,  all  of  which  are  occasionally  dry.  The 
Tagus,  the  Guadiana,  and  the  Guadalquivir,  are  of  the  same 
general  character.  They  traverse  the  table  lands  of  the 
Iberian  peninsula,  generally  occupying  wide  fissures  in  Ume- 
stone  rock.  The  Tagus  is  estimated  to  run  540  miles,  drain- 
ing 29,000  square  miles.  The  Guadiana  runs  380  nules;  draining 
26,000  square  miles,  and  the  Guadalquivir  280  miles,  drain- 
ing 30,000  square  miles.  These  are  the  principal  European 
rivers  on  the  Atlantic  coast,  and  they  drain  ia  aU  an  area 
that  may  be  roughly  estimated  at  nearly  three  quarters  of  a 
million  of  square  miles. 

The  Mediterranean  Basin  receives  a  large  drainage,  and 
many  very  important  streams.  On  the  Spanish  coast  is  the 
Ebro,  running  340  miles,  and  draining  about  33,000  square 
imles  of  the  limestone  plateau  of  Spain.  But  little  water  i» 
discharged  by  this  or  any  of  the  streams  of  the  peninsula. 
The  Ehone  is  much  more  important.  Bising  in  the  Alps,  it 
reaches  the  lake  of  Geneva,  and  issues  from  that  lake  as  a 
large  stream.  It  receives  several  important  tributaries,  of 
which  the  principal  are  the  Ain,  Saone,  Ardeche,  and  Gard, 
on  the  right,  and  the  Isere,  Drome,  and  Durance,  on  the  left. 
After  running  a  swift  and  powerful  stream  about  650  miles, 
it  enters  the  upper  part  of  the  Gulf  of  Lyons,  in  the  Medi- 
terranean, by  a  number  of  mouths,  and  through  an  important 
delta.     It  draias  about  37,000  square  mUes. 

No  rivers,  larger  than  mountain  streams,  enter  the  Medi- 
terranean from  the  western  slopes  of  the  Apennines,  except  the 
Arno  and  the  Tiber,  and  on  the  eastern  side  there  is  no  large 
stream  till  we  reach  the  Po  and  the  Adige,  draining  the  great 
plains  of  Lombardy.  The  Arno  runs  only  about  75  mUes. 
It  runs  towards  the  west,  taking  its  rise  in  some  of  the  higher 
Apennines,  at  a  level  of  more  than  4,000  feet  above  the  sea. 
It  is  a  rapid  stream.    The  Tiber  is  now  a  very  small  stream. 
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The  Fo  is  a  noble  stream  running  380  miles  to  the  east, 
■entirely  across  the  plains  of  Lombardy,  and  receiving  large 
and  important  feeders.  The  Adige  accompanies  it,  and  has  s 
course  of  220  miles.  The  country  drained  by  these  two 
streams  is  more  than  40,000  square  miles  in  extent. 

Down  the  coast  of  Dalmatia,  and  along  the  shores  and 
islands  of  Greece,  and  thence  along  the  coast,  as  far  as  the 
Dardanelles,  there  is  no  important  river.  Entering  the  chan- 
nel of  the  Hellespont,  and  crossing  the  Sea  of  Marmora,  we 
come  into  the  Black  Sea,  and  are  there  met  by  the  Danube, 
which  pours  its  waters  eastwards  across  Europe,  on  the  north 
side  of  the  Alps,  and  drains  a  vast  extent  of  land.  This  great 
stream  rises  near  the  lake  of  Constance,  at  an  elevation  of 
-2, 850  feet  above  the  sea.  Its  course  is  more  than  a  thousand 
•miles,  without  including  windings,  between  its  source  and  the 
Black  Sea.  It  receives  a  large  number  of  tributaries,  of  which 
'the  most  important  are,  on  the  right,  the  Isar,  Inn,  Raab, 
Drave,  Save,  Morave,  and  Isker.  On  the  left  are  the  Altmiihl, 
Efigen,  Waag,  Gran,  Theiss,  Temes,  Aluta,  Sereth,  and  Pruth. 
Many  of  these  are  large  streams  with  other  important  tribu- 
taries. The  Danube  drains  upwards  of  300,000  square  miles 
of  country.  It  separates  into  several  branches  near  its 
■mouth,  and  terminates  in  a  delta  of  some  importance. 

The  Dniester  is  a  stream,  rising  in  the  Carpathians, 
rand  rmmiag  400  miles  into  the  Black  Sea,  near  Odessa, 
draining  about  30,000  miles  of  eastern  Europe;  The  Dneiper 
is  a  much  more  important  stream,  running  through  a  large 
part  of  European  Russia.  Its  length  is  623  mUes,  in  a  direct 
line,  and  more  than  double  that,  if  the  windings  be  included. 
It  drains  226,000  square  mUes.  The  Dop.'.thoiigh  smaller 
than  the  Dnieper,  is  also  an  important  streami  with  several 
confluents.  It  enters  the  Sea  of  Azof  by  many  mouths,  aiid 
through  a  large  delta.  It  runs  nearly  500  mUes,  without 
indu^g  windings,  and  drains  224,000  square  miles.  The 
Kuban,  a  considerable,  but  little  known,  river,' rises  outh^; 
north  side  of  the  Caucasus,  and  receives  the  drainage  of  the 
ihigher  mountains  of  the  Caucasus,  being  joined  by  a  number 
of  tributaries.  It  enters  the  Straits  of  Kertoh,  between  the 
•Sea  of  Azof  and  the  Black  Sea,  and  the  mud  and  detrikis  it 
'brings  down  help  much  to  close  up  the  channel  between  the 
two  seas.     Its  course  is  estimated  at  380  mUes. 

No  river  of  any  importance  or  magnitude  enters  the  Black 
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Sea  along  its  eastern  or  southern  shores  for  a  distance  of  at 
least  a  thousand  miles. 

The  shores  of  the  Sea  of  Marmora,  and  of  Asia  Minor  as- 
far  as  the  Isthmus  of  Suez,  are  without  any  streams  that 
«x>me  from  the  interior,  or  can  be  regarded  as  draining  ai» 
appreciable  tract  of  country.  The  next  river  that  we  have  to 
consider  is  the  Great  Nile,  the  "Father  of  waters"  of  the  oW 
world,  and  the  stream  which  has  the  longest  direct  course. 

The  sources  of  the  Nile,  though  not  yet  reached,  are  known 
to  lie  beyond  two  great  sheets  of  water,  existing  at  a  high  level' 
<  3,000  to  4,000  feet  above  the  sea),  in  the  far  interior  of  Afiica, 
in  latitude  about  3^o  S.  To  the  west  of  the  lakes,  mountains- 
are  believed  to  extend.  As  the  Nile  enters  the  Mediterranean; 
in  latitude  about  Sl^"  N.,  the  stream  thus  runs  through  35"  of 
latitude,  or  nearly  2,450  statute  miles,  in  a  direct  line  to  the- 
north.  Following  the  windings,  the  distance  must  considerably 
exceed  3,000  miles.  The  Nile  receives  comparatively  few 
iributaries,  the  most  important  being  the  Blue  Nile  and  the 
Atbara,  both  from  Abyssinia.  It  drains  a  vast  extent  of 
country,  perhaps  a  million  of  square  mUes;  but  it  must  yet 
be  long  before  all  the  tributaries  are  followed  to  their  sources, 
some  of  which,  perhaps,  reach  much  further  westwards  into- 
Central  Africa  than  there  is  at  present  any  means  of  deter- 
mining. The  Nile  is  to  some  extent  a  navigable  river,  but 
the  navigation  is  interrupted  by  cataracts  or  rapids  a  few  hun- 
dred miles  above  Cairo.  From  latitude  30°  N.  to  latitude- 
31^"  N.  (nearly  110  miles)  there  is  a  large  and  very  important 
delta,  through  which  the  Nile  passes  by  an  infinite  multitude 
of  channels  iato  the  Mediterranean.  The  Nile  is  subject  to- 
peculiar  periodical  floods,  leaving  behind  them  mud  which. 
fertUises  the  country.  The  waters  begin  to  rise  in  June  and 
subside  in  September.  In  Upper  Egypt  the  amount  of  the 
rise  is  usually  30  feet,  and  at  Cairo  it  reaches  24  feet.  The 
flooding  of  the  Nile  is  caused  by  the  sudden  rush  of  water 

-Iq^ded  with  mud  from  the  Abyssinian  tributaries,  which  floodi 
after, the  rainy  season  and  are  nearly  dry  the  rest  of  the  year. 

',<■  No  large  streams  enter  the  Mediterranean  between  the  Nile 
aiiil'the  Straits  of  Gibraltar.  Little  rain  falls  in  North  Africa, 
and  no  rivers  cross  the  great  desert.     The  Atlas  mountain* 

-  we  too  near  the  coast  to  admit  of  rivers  being  formed. 

The,  total  areas  of  country  draining  into  the  basin  of  the- 
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Mediterranean  and  the  great  adjoining  waters  may  be  esti' 
mated  roughly  at  about  two  millions  of  square  miles,  of  which 
fiilly  one  half  is  in  Africa,  and  four-fifths  of  the  remainder 
enters  the  Black  Sea.  Thus  a  very  small  proportion  (only 
about  one-tenth)  can  he  traced  to  the  various  lands  of  Europe 
south  of  the  Alps.  Most  of  this  land  is  dry  and  very  absorb- 
ent, the  rain  that  falls  upon  it  not  running  off  in  streams  on 
the  surface,  hut  sinking  into  the  rock  and  issuing  in  springs,  ; 
or  converted  at  once  to  the  purposes  of  vegetation.  i 

The  rivers  entering  the  Atlantic  from  the  west  coast  of 
A&ica  are  but  few.  Th%  largest  of  aU  is  the  Niger  or  Quorra. 
Its  sources  are  not  accurately  known,  but  it  certainly  has  a 
long  course,  and  brings  down  much  water  into  the  Gulf  of 
Guinea.  The  Senegal,  also  entering  the  Atlantic,  is  a  large 
stream,  and  its  length  of  course  has  been  estimated  at  1,000 
mUes.  It  is  partly  navigable,  and  one  of  its  branches  is  a 
large  and  deep  stream.  The  Orange  River  or  Gariep  is  a 
fiist-class  stream  in  the  south,  and  has  been  traced  from 
a  great  distance.  It  receives  a  large  tributary  (the  Vaal), 
and  the  two  streams  together  are  estimated  to  have  a  course 
of  1,000  miles.  The  Gambia  and  the  Coanza  are  probably 
of  nearly  the  same  extent  and  area  of  drainage,  but  their 
courses  are  not  accurately  known. 

On  the  western  side  of  the  Atlantic  the  position  of  the 
drainage  areas  is  somewhat  different.  Great  rivers,  their 
direction  and  magnitude  being  determined  by  the  physical 
condition  of  the  surface,  pour  into  the  Atlantic  the  accu- 
mulated waters  from  the  eastern  side  of  the  Andes,  after 
traversing,  not  only  the  breadth,  but  much  of  the  length  of 
the  continent  of  South  America.  Commencing  in  the  south, 
we  find  that  for  a  long  distance,  the  land  being  narrow,  the 
rivers  are  small.  In  latitude  35o  S.  enters  the  magnificent  , 
Plata,  an  estuary  formed  by  the  junction  of  the  Parana  and  '< 
Uruguay,  two  parallel  rivers  draining  by  their  numerous  tri- 
butaries nearly  a  million  and  a  quarter  square  miles.  The 
estuary  of  the  Plata  is  200  miles  in  length,  and  where  it 
opens  into  the  Atlantic  nearly  170  miles  across.  The  waters 
that  rush  through  it  into  the  ocean  can  be  traced  300  mUes 
from  the  mo^th  of  the  estuary.  The  Parana  branch  is  navig- 
able 1,250  mUes  for  vessels  of  300  tons,  and  the  total  length 
of  its  main  stream,  the  upper  part  of  which  is  called  the  Para- 
guay, is  nearly  2,000  mUes  from  its  source  to  the  sea.    The 
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Uruguay  is  shorter.  The  main  drainage  area  of  the  Plata  ia 
to  the  north,  hoth  its  great  tributaries  running  south  and 
east.  Waters  that  enter  the  Plata  rise  within  three  miles  ol 
part  of  the  system  of  the  Amazon. 

The  Amazon  river,  with  its  numerous  tributaries  and  im- 
portant branches,  is  another  of  those  great  systems  of  waters 
that  render  the  physical  geography  of  the  American  conti- 
nent so  remarkable.  Under  various  names  it  drains  consider- 
•ably  more  than  two  millions  of  square  miles.  The  main  stream 
enters  the  Atlantic  by  principal  arms,  the  Amazon  to  the  north 
*nd  the  Para  to  the  south,  and  is  estimated  to  carry  to  the  sea 
ten  times  as  much  water  as  any  other  river  in  the  world.  The 
upper  part,  traversing  Peru,  is  called  the  Marailon.  When  it 
•enters  Brazil  it  becomes  the  Kio  Negro.  The  name  Amazon  is 
applied  only  to  that  part  below  the  point  where  the  Apurimac 
joins  the  Eio  Negro.  By  a  branch  of  the  Eio  Negro  (lie  Casi- 
quiare,  a  natural  canal),  the  Amazon  connects  with  the  Ori- 
noco. The  total  length  of  the  main  stream  of  the  river  to  the 
sea  is  nearly  1,800  miles  in  a  direct  line,  but,  including  wind- 
ings, the  distance  is  estimated  at  4,000  miles.  Twenty  gieat 
rivers,  all  navigable  nearly  to  their  sources,  help  to  fill  tins 
great  channel,  which  runs  at  a  medium  rate  of  3|  miles  an 
hour.  The  tide  ascends  for  more  than  400  miles,  at  which 
■distance  the  stream  is  still  a  mile  wide.  At  spring  tides  a 
bore  or  rush  of  water  carries  up  a  wave  10  or  15  feet  in 
height.  The  Paraj  the  southern  branch  of  the  Amazons, 
receives  the  Tocantins,  another  great  river.  It  is  40  miles 
wide,  where  it  enters  the  sea. 

Next  beyond  the  Amazon,  but  at  a  great  distance  to  tiie 
north,  comes  in  the  Orinoco,  only  inferior  to  the  Amazon  and 
Plata.  It  runs  for  1,606  miles,  and  drains  an  area  of  335,000 
square  miles,  receiving  tributaries,  some  of  which  are  navigable 
for  200  miles.  The  tides  reach  about  300  miles  above  its 
mouth,  and  at  that  point  the  river  is  still  four  miles  in  width. 
It  has  a  vast  delta  entering  the  sea  by  numerous  mouths. 

The  Magdalena  is  a  river  running  for  a  distance  of  more 
than  800  miles  with  a  very  rapid  current,  and  entering  the 
Caribbean  Sea  with  the  drainage  of  nearly  100,000  squar'^ 
miles  of  the  north-western  comer  of  South  America.  It  is  a 
noble  and  important  stream,  though  the  smallest  of  the  three 
principal  rivers  of  the  Mexican  Gulf.     The  Eio  del  Norte, 
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sometimes  called  the  Eio  Grande,  or  Rio  Bravo  del  Norte,  is 
larger  than  the  Magdalena.  It  drains  an  important  section 
of  North  America,  and  its  drainage  area  is  separated  from  that 
of  the  Magdalena  by  the  whole  of  Central  America,  where 
there  are  no  important  rivers.  The  Eio  Grande  runs  for 
nearly  2,000  miles,  having  some  large  tributaries.  It  drains 
a  quarter  of  a  million  of  square  miles  of  country,  but  owing  to 
numerous  rapids  and  shoals,  and  a  bar  at  its  entrance,  it  is 
mot  navigable  for  largo  vessels.  The  waters  of  the  Magdalena, 
(rising  almost  under  the  equator,  meet  and  mix  with  those 
Avhich  proceed  from  the  Eocky  Mountains,  in  latitude  41° 
north. 

The  great  father  of  waters,  the  Mississippi,  combining  in 
one  system  the  waters  of  the  Missouri,  the  Ohio,  the  Arkan- 
•sas  and  a  host  of  other  streams  of  great  volume,  enters  the 
-Gulf  of  Mexico  not  far  from  the  mouth  of  the  Eio  Grande. 
The  Mississippi-Missouri  system  alone  drains  a  million  and  a 
ihalf  square  miles,  or  more  than  one-sixth  part  of  the  area  of 
North  America.  The  total  length  of  the  stream,  from  the 
•source  of  the  Missouri  to  the  Gulf  of  Mexico,  including  wind- 
ings, is  nearly  4,600  mUes.  The  average  descent  of  the 
^s•ater  from  the  Missouri  source  to  the  mouth  of  the  Missis- 
•sippi  is  five  inches  per  mUe,  but  the  water  falls  rapidly  at 
first,  leaping  over  many  cataracts,  and  thus,  in  the  latter  part 
of  its  course,  its  bed  has  little  depression,  and  it  runs  slug- 
■gishly,  though  its  waters  are  very  deep.  It  terminates  in  a 
considerable  delta.  Of  the  various  streams  that  combine  to 
form  the  Mississippi,  the  Missomri  is  one  of  the  most  impor- 
ftant.  It  rises  in  the  Eocky  Mountains,  and  flows  rapidly  to 
the  east  and  south,  receiving  several  large  tributaries  chiefly 
from  the  west.  At  its  junction  with  the  Mississippi  it  is 
■2,600  feet  across.  It  is  navigable  for  2,570  mUes  above  its 
junction  with  the  Mississippi.  Its  whole  course  to  the  junc- 
tion is  3,100miles,  including  windings. 

The  Ohio  is  another  most  important  tributary.  It  is 
formed  by  the  junction  of  the  Alleghany  and  Monongahela 
■rivers  at  Pittsburg,  ia  Pennsylvania,  and  thence  runs  more 
than  1,000  miles  before  joining  the  Mississippi.  It  is  esti- 
mated to  drain  200,000  square  miles  of  country.  The  Arkan- 
sas carries  the  drainage  of  180,000  square  miles,  and  joins  its 
confluent  after  running  2,170  mUes  from  its  source  in  the 
ilocky  Mountains.     The  Eed  Eiver,  another  tributary  of  the 
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Mississippi,  enters  only  130  miles  above  New  Orleans,  aftei: 
running  1,500  miles  from  the  foot  of  the  Kocky  Mountains, 
near  Santa  Fe,  in  Mexico. 

From  the  Mississippi  round  the  south  and  east  coast  of 
North  America  there  axe  numerous  streams  which  in  Europe 
would  be  considered  large,  although,  compared  with  the  vast 
systems  just  described,  they  seem  insignificant.  They  include 
the  Alabama,  which,  after  running  560  miles  from  the  north,, 
is  joined  by  the  Tombigbee,  which  has  come  down  about  260^ 
miles,  and  theil,  under  the  name  of  Mobile  Eiver,  runs  40^ 
miles  into  the  Gulf  of  Mexico.  Next  we  have  the  Savannah, 
and,  afterwards,  the  Roanoke,  the  latter  entering  the  Atlantic 
in  Albemarle  Sound,  after  a  course  of  300  miles,  of  which, 
the  last  75  are  navigable.  The  James  River  rises  in  the  AI- 
leghanies,  and  runs,  also,  about  300  mUes  into  Chesapeake 
]3a\ .  The  Potomac  enters  the  same  bay,  after  running  400 
miles,  also  from  the  Alleghanies.  The  Susquehanna  rises  in 
the  state  of  New  York,  and  enters  Chesapeake  Bay  after  a. 
course  of  350  miles,  receiving  several  affluents.  The  Delaware 
is  a  similar  stream,  from  the  CatskiU  Mountains.  The  Hud- 
son is  an  important  river,  navigable  for  large  ships  for  150 
miles  from  its  mouth,  and  forming  by  its  estuary  the  harbour 
of  New  York.  The  Connecticut  River  is  the  principal  river  of 
New  England,  and  its  course  is  estimated  at  410  mUes. 

The  St.  Lawrence  is  a  gigantic  stream,  traversing  the  whole 
system  of  the  great  lakes  of  North  America,  and  estimated  to 
drain  300,000  square  mUes  of  country,  of  which  one-third, 
consists  of  the  lakes  themselves.  The  direct  length  of  its 
course  approaches  1,000  mUes,  and  its  mouth  is  100  milea> 
wide.  Including  windings  its  length  amounts  to  2,000  miles. 
It  receives  several  tributaries  from  the  north.  Near  it* 
mouth,  in  the  large  estuary  formed  below  Quebec,  a  vast  num- 
ber of  islands  communicate  an  extraordinary  appearance  t(v 
this  stream. 

Such  are  the  conditions  of  the  lands  enclosing  the  Atlantic? 
Ocean  in  respect  to  natural  drainage  by  rivers.  Gigantic  sys- 
tems characterise  some  very  important  ti'acts,  while,  elsewhere, 
there  are  intervals  of  coast  line,  exceeding  1,000  miles  in 
length,  without  any  river  of  serious  importance.  Let  us  now 
briefly  advert  to  the  river  systems  in  the  Indian  Ocean  and' 
Pacific. 

The  south  and  east  coast  of  Africa  is  broken  by  few  rivers- 


RIVEB   SYSTEMS.  171 

of  interest,  with  the  exception  of  the  Zambesi,  which,  however, 
although  one  of  the  most  remarkable  streams  in  the  world  for 
the  extent  of  its  internal  communications,  is  scarcely  acces- 
sible from  the  sea,  and  does  not  deliver  a  very  large  quantity  ol, 
water.  The  Great  Fish  River,  (about  330  miles  direct  course),, 
is  the  only  other  stream  that  needs  mention.  The  greater 
part  of  the  drainage  of  the  Zambesi  does  not  reach  the  coast, 
and  thus  this  river  was  little  known,  and  not  recognised  as  an 
important  stream,  tUl  described  by  Livingstone  in  1856.  Its 
delta  is  300  miles  in  length,  and  its  whole  course  much  more 
than  1,000  miles.  It  drains  a  very  large  tract  of  Africa, 
south  of  the  equator.  There  are  no  important  rivers  of  the 
Indian  Ocean  system  north  of  the  Zambesi  in  Africa,  none  in 
Madagascar,  and  none  in  Arabia. 

The  Tigris  is  a  river  of  nearly  1,200  miles  length  of  course, 
joining  the  Euphrates,  which  drains  almost  the  whole  of' 
Asiatic  Turkey  and  terminates  in  the  Persian  Gulf.  The 
course  of  the  Euphrates  is  1 ,800  miles,  receiving  several  tri- 
butaries besides  the  Tigris,  and  bringing  into  the  Persian. 
Gulf  a  large  quantity  of  mud.  The  area  drained  is  not  less 
than  260,000  square  miles.  The  Indus  is  a  river  of  the  first 
class,  rising  in  Thibet,  18,000  feet  above  the  sea,  and  running, 
1,800  miles  into  the  Indian  Ocean.  It  receives  five  consider- 
able streams  (whence  the  name  Pun -jab)  and  is  navigable  for 
nearly  1,000  miles.  Its  course  is  rapid,  and  it  carries  down 
enormous  quantities  of  detritus.  It  drains  half  a  million  of 
square  miles  of  India.  There  are  no  important  streams 
entering  the  Indian  Ocean  on  the  west  coast  of  the  peninsula,, 
but  the  Kistna  and  Godavery  both  rise  from  points  of  consider- 
able elevation  in  the  Deccan,  and  run  eastwards  into  the  Bay 
of  Bengal.  The  former  runs  800  miles,  the  latter  900  miles,, 
both  receiving  considerable  tributaries.  Together  they  drain 
250,000  square  miles  of  country. 

The  Ganges  and  Brahmapootra,  two  of  the  great  rivers  of 
the  world,  combine  to  pour  their  waters  into  the  head  of  the 
Bay  of  Bengal,  through  a  large  delta  of  mud,  formed  by  their- 
mutual  contributions.  The  Ganges  flows  from  the  west, 
through  1,500  miles  of  northern  India,  receiving  numerous, 
streams  and  bringing  down  a  vast  quantity  of  mud,  especially 
at  certain  seasons.  The  fall  is  inconsiderable  for  the  greater 
part  of  the  course.  The  Bramtihpootra  consists  of  the  junc- 
tion of  two  principal  streams,  one  rising  in  Thibet  and  flowing 
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west,  the  other  rising  near  the  sources  of  the  Indus  and  flow- 
ing east.  The  total  length  of  course  of  the  principal  stream 
from  the  east  (which  is  not  the  longest)  is  about  1,000  miles. 
At  some  seasons  it  discharges  more  water  than  the  Ganges. 
The  Ganges  and  Bramahpootra  together  drain  about  580,000 
square  miles. 

The  Irawaddy  is  another  river  of  gigantic  proportioiis.  It 
is  believed  to  rise  in  Thibet,  and  after  traversing  the  Birman 
Empire,  and  passing  through  vast  forests  of  teak,  it  forms  a 
large  delta,  through  which  numerous  streams  enter  the  ocean. 
"The  delta,  alone,  occupies  10,000  square  miles.  The  direct 
-course  of  the  stream  is  1,250  miles,  and  the  total  drainage 
;area  440,000  square  mUes.  The  Menam  is  another  important 
stream,  traversing  Cochin  China.  Its  drainage  area  is  es- 
timated at  half  that  of  the  Ganges. 

"We  come,  next,  to  the  great  rivers  of  China.  In  China 
'proper,  the  two  chief  streams  are  the  Yang-tze-kiang  and 
Hoang-ho.  The  total  course  of  the  Yang-tze-kiang  is  1,750 
'miles  in  a  direct  line,  or  3,800  including  windings.  The  tide 
ascends  450  miles,  and  it  opens  into  the  sea  by  an  estuary 
30  miles  across.  The  river  is  formed  by  the  junction  of  two 
principal  branches  coming  from  East  TMbet,  near  the  source 
-of  the  Irawaddy.  After  the  junction  it  has  a  very  tortuous  course, 
and  receives  numerous  large  tributaries.  There  are  many  low 
islands  at  the  mouth,  formed  by  the  mud  brought  down  by  it. 
It  drains  all  the  central  provinces  of  China ;  the  total  area 
being  estimated  at  737,000  square  mUes.  The  Hoang-ho,  or 
Yellow  river,  also  rises  in  lliibet,  and  enters  the  Yellow  Sea 
a  little  to  the  north  of  the  Yang-tze-kiang,  after  running 
about  1,825  miles,  not  including  windings,  which  double  its 
length.  It  has  two  chief  tributaries.  It  brings  down  vast 
■quantities  of  yellow  mud ;  whence  its  name.  Its  drainage 
ai'ea  is  estimated  at  720,000  square  mUes. 

North  of  China  comes  in  the  Amoor,  a  gigantic  river  navi- 
;gable  for  2,200  miles  by  steamers,  and  formed  by  the  junction 
■of  two  principal  rivers  rising  in  the  central  part  of  Northern 
Asia.  The  total  length  of  course,  including  windings,  is 
-2,750  miles.     It  drains  780,000  square  miles. 

The  large  streams  that  enter  the  ocean  on  the  west  coast  of 
America  are  few  in  number.  In  the  north  we  have  Eraser 
■Puver,  in  British  Columbia,  which  rises  in  the  Rocky  Moun- 
^ins,  near  Mount  Hooker,  and  flows  for  about  620  miles. 
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first  NW.,  then  W„  and  finally  S.  into  the  Gulf  of  Georgia, 
between  Vancouver's  Island  and  the  mainland.  It  receives, 
several  tributaries,  and  drains  a  considerable  area.  Thfr 
Columbia,  or  Oregon  Eiver,  has  a  course  of  1,000  miles, 
receiving  large  afifluents,  and  entering  the  Pacific  in  latitude- 
46"  5'  N.  The  Sacramento  is  a  smaller  stream,  but  with  a 
large  drainage  area.  The  Colorado  of  Upper  California  runa 
about  700  miles  into  the  upper  part  of  the  Gulf  of  California. 
There  is  no  stream  of  importance  coming  down  from  the- 
western  slope  of  the  Andes,  all  the  lands  between  the  Pacific- 
and  the  water-shed  being  dry,  and  the  rains  falling  almost 
exclusively  on  the  eastern  side. 

Australia  is  remarkable  for  the  extreme  rarity  and  small- 
ness  of  its  rivers  in  proportion  to  the  extent  of  the  land.  The 
only  stream  of  importance  is  the  Murray,  with  its  tributaries, 
the  Darling,  Morumbidgee,  and  others.  After  a  tortuoua 
course,  commencing  at  the  west  side  of  the  great  mountain 
chain  that  runs  parallel  to  the  east  coast  of  Australia,  and 
continuing  for  about  1,300  miles,  it  enters  the  ocean  as  a 
noble  stream,  in  latitude  35<»  30'  S.,  longitude  1390  E.  It 
drains  the  south-eastern  portion  of  Australia. 

Besides  the  great  rivers  emptying  into  the  Atlantic  and 
Pacific,  there  are  others  that  pom-  their  waters  into  the  Arctic 
ocean.  These  are  numerous,  end  of  gigantic  size,  and  drain 
a  marked  proportion  of  the  land  of  the  eastern  hemisphere, 
north  of  the  equator.  Commencing  with  those  most  to  the 
■west,  we  find  the  Dwina,  which  enters  the  White  Sea  by 
several  mouths,  after  traversing  about  330  miles  of  Northern 
Eussia,  and  draining  44,500  square  miles.  The  Petchora 
rises  in  the  Ural  and  enters  the  Arctic  Ocean,  after  a  course 
of  1,000  miles  through  European  Russia,  draining  85,000- 
square  mUes.  In  Asiatic  Eussia,  there  is  the  Obe,  with  its 
mighty  tributary  the  Irtish,  coming  from  the  Altai  mountains^ 
and,  after  a  course  of  2,000  mUes,  entering  a  wide  gulf  or 
estuary  of  the  Arctic  sea,  drainiug  a  million  and  a  half  of 
square  milea  of  northern  Asia.  The  Irtish  has  a  course  of 
1,700  mUes,  nearly  half  of  it  through  China,  and  receives 
large  tributaries.  It  enters  the  Obe  about  180  miles  north 
of  Tobolsk.  The  Yenisei  drains  a  million  of  square  miles  of 
the  country  east  of  the  drainage  of  the  Obe,  and  its  course  is 
estimated  at  2,300  mUes.  It  is  a  broad  and  deep  stream, 
receiving  many  tributaries,  and  the  surplus  waters  of  Lake 
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Baikal.  It  enters  the  Arctic  Sea  by  an  estuary  30  nules  wide. 
The  Lena  is  scarcely  less  important,  though  it  drains  a  some- 
what smaller  area,  (800,000  square  miles.)  It  runs  for  about 
3.  -fJO  miles,  entering  the  Arctic  Ocean  by  numerous  mouths. 
Eight  hundred  miles  from  the  sea,  it  is  between  five  and  six 
miles  in  width,  and  would  be  navigable,  but  that  it  flows  for  a 
great  distance  through  frozen  deserts.  It  is  the  last  of  the 
great  streams  running  northwards  through  Asia.  The  Indi- 
ghirka,  which  enters  the  sea  to  the  east  of  the  Lena,  runs  oijly 
'for  760  miles,  draining  1 1 5,000  square  miles,  and  the  Kolyma, 
although  it  terminates  with  a  wide  estuary,  (longitude  161*. 
'30'  E.),  has  a  course  of  about  the  same  length,  draining, 
however,  150,000  square  miles.  On  the  other  continent,  the 
Mackenzie  Biver,  of  North  America,  discharges  its  waters  into 
the  Arctic  Ocean,  after  running  about  900  miles  from  the 
Great  Slave  Lake,  and  receiving  lai'ge  tributaries,  but  it  can 
produce  little  effect,  in  comparison  with  the  great  river  systems 
•we  have  been  considering.  It  is  estimated  to  drain  600,000 
squai't;  miles.  The  Saskatchevan  and  Churchill  are  streams 
draisiing  into  the  Arctic  Sea  large  portions  of  the  thinly  in- 
habited countries  in  Northern  America. 

There  are  some,  and  not  inconsiderable  rivers  in  the  world 
that  do  not  reach  the  sea,  terminating  in  lakes  that  have  no 
outlet.  The  Caspian  Sea  is  th©  largest  and  most  important 
of  such  lakes,  and  it  receives  the  waters  of  the  Volga,  the 
Ural  and  the  Kur.  The  Volga  is  a  noble  stream,  having  a 
longer  course  than  any  other  European  river.  It  rises  in  the 
Valdai  HUls,  550  feet  above  the  sea,  and  enters  the  Caspian, 
after  running  southwards  for  a  thousand  miles  in  a  direct  line, 
or  2,400  miles  including  windings.  It  drains  more  than  half 
■&  million  square  miles.  As  the  surface  of  the  Caspian  Sea 
is  at  a  much  lower  level  than  the  ocean  the  total  faU  of  the 
Volga  is  633  feet.  It  receives  many  considerable  tributaries. 
The  Ural  is  also  a  very  large  river,  draining  more  than 
100,000  square  mUes,  and  running  1,800  mUes,  including 
•windings.  It  drains  the  country  to  the  north  and  east  of  the 
Caspian.  It  rises  on  the  east  side  of  the  Ural  mountains. 
The  Volga  drains  the  country  on  the  western  side  of  the  chain. 
The  Kur  (Cyrus)  enters  the  Caspian  on  the  south-west,  after 
running  through  Georgia,  along  a  course  of  520  miles, 
draining  nearly  100,000  square  miles.  Hence  it  appears 
that  the  Caspian,  whose  area  is  aboul  124,000  square  mUes 
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ireceives  three  rivers  of  considerable  importance,  draining  in 
a'J  nearly  700,000  square  miles,  besides  numerous  smaller 
streams,  but  that,  in  spite  of  these  contributions,  the  evapo- 
ration from  its  surface  is  such  as  to  keep  the  level  more  than 
80  feet  below  that  of  the  general  ocean,  with  which  it  must 
<Hice  have  corresponded. 

The  Sea  of  Aral  also  receives  a  considerable  drainage.  The 
•Oxus,  one  of  the  great  rivers  of  Central  Asia,  commences  in  a 
lake  at  an  elevation  of  15,600  feet  above  the  sea,  and  after 
running  1,600  miles  (920  in  a  direct  line),  and  receiving  large 
affluents,  enters  the  Sea  of  Aral  on  the  south  side  by  nu- 
merous mouths.  It  drains  260,000  square  miles.  On  the 
east  the  Sir  or  Jaxartes,  a  large  and  important  stream,  enters 
the  lake  by  two  mouths,  after  running  1,350  mUes  (direct 
fioui-se  680  miles)  through  330,000  square  miles  of  countiy. 

Such  are  the  main  facts  connected  with  the  great  river 
oy stems  of  the  earth.  If  represented  in  their  results,  and  in 
B  tabular  form,  they  wiU  appear  as  follows : — 


Ill 

Drainage 

area  in 

1,000  squan 

miles. 

Totals  In 
square 
'          mUei. 

ATT,ANTIC  OCEAN  (47). 

Bfutern  Shore  (32). 

European  coast     .     . 

.    17 

657 

Inland  seas       .     .     . 

.     10 

1,910 

African  coast   .     .     . 

.      5 

1,000 

Wtstern  Shore  (15). 

South  American  coast 

.      3 

3,585 

Inland  seas       .     .     . 

.      4 

2,000 

Korth  American  coast 

.      8 

800 

— Q  Q!i2  000 

^^  £7)0  viij\J\JV 

PACIFIC  OCEAN  (13). 

Indian  Ocean  .     .     . 

.      8 

2,680 

North-Eastern  Asia  . 

.      S 

2,227 

American  coaat    .     . 

.      S 

650 

— s  K-W  onn 

■~UjUU  1  yUUV 

AB.CT10  OCEAN  (8). 

Old  world    .... 

.     7 

3,675 

New  world       .     .     . 

.      3 

1,600 

-5,275,000 

INTEEIOR  OP  ASIA  (5). 

1,280,000 

Total    . 

«    tt    • 

22.0':4  000 
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From  this  it  appears  that  much  less  than  two-fifths  of  tha 
land  of  the  earth  is  iacluded  in  the  drainage  areas  assumed. 
A  very  large  part  of  Africa,  four-fifths  of  Australia,  a  larg» 
proportion  of  South  America,  and  vast  tracts  in  North  America 
and  Northern  Asia,  besides  the  great  islands  of  the  world,  must 
be  brought  into  account  to  make  up  this  difference. 

It  is  not  difficult  to  understand  how  it  is  that  so  large  a 
part  of  the  surface  escapes  measurement  in  the  calculation  of 
drainage  areas.  There  are,  besides  the  large  and  well-known 
streams,  a  multitude  of  smaller  rivers  also,  of  considerable 
magnitude,  in  those  parts  of  the  world  which  are  little  known, 
and  these  cannot  of  course  enter  into  any  accurate  calculation. 
There  are  also  on  all  coasts  long  distances  between  the  courses- 
of  great  rivers,  and  in  the  intervals  between  the  ultimate  out- 
lets are  considerable  tracts  of  country  not  draining  into  a  river 
at  all,  but  bringing  down  flood  water,  often  in  large  quantity^ 
direct  to  the  sea.  There  is  great  irregularity  in  such  supplies, 
which  vary  vrith  the  form  of  the  land,  the  breadth  of  the  belt 
of  land,  the  climate,  the  distribution  of  the  rain-fall,  the  under- 
lying rock,  and  the  rate  of  evaporation.  It  has  been  estimated 
tiiat  on  an  avert^e  one-third  of  the  total  rain-fall  of  every  princi- 
pal drainage  area  enters  the  sea  by  the  main  channel,  but  that  in' 
addition  to  this  a  large  quantity,  amoimting  in  some  cases  to  a 
sixth  part  of  the  whole,  may  reach  the  sea  vnthout  entering 
the  main  stream. 


CHAPTER  IX. 

LAKES  AND  WATEKFALIB. 

Lakes. 

As  rivers  are  natural  channels  on  the  earth's  surface,  aion^ 
which  water  that  has  fallen  from  the  skies  as  rain,  or  rises 
from  the  earth  in  springs,  makes  its  way  from  the  higLet 
grounds  to  the  sea,  so  lakes  are  depressions  or  basins  in 
which  the  running  water,  checked  in  its  progress,  is  forcea 
to  accumulate  until  it  overflows  the  edge  of  the  basin,  or  till 
it  finds  an  outlet  of  equal  capacity  with  the  entering  stream; 
Should  there  be  no  such  outlet  it  is  clear  that  the  water 
must  continue  to  accumulate  untU  the  evaporation  from  the- 
surface  equals  the  quantity  of  in-coming  water.  It  is  neces- 
sary that  the  reader  should  recognise  clearly  the  force  of  this 
definition.  All  lakes  are  thus  formed,  except  those  which 
were  once  in  direct  communication  with  the  ocean,  and 
formed  part  of  it.  These  must  also  be  receiving  daily  sup- 
plies of  fresh  water,  or  they  would  become  evaporated.  •  Un 
less  it  is  borne  in  mind  that  lakes  are  parts  of  the  water 
really  circulating  on  the  earth,  and  are  always  being  added 
to  or  diminished,  a  false  notion  of  their  uses  and  of  their  in- 
fluence in  physical  geography  must  result. 

Attending  to  this  definition,  it  will  be  seen  that  there  may 
be  lakes  having  very  different  appearances,  though  all'  are- 
caused  in  the  same  way.  Thus  there  are  mountain  lakes, 
generally  expansions  of  the  vaUeys  or  natural  channels  tlirough 
which  streams  pass  in  the  upper  part  of  their  cours^,  and 
while  they  are  running  with  some  rapidity.  Such  are  the 
Swiss,  IttJian,  and  English  lakes,  remarkable  for  their  pic- 
turesque beauty,  because  in  tl»"  neighbourhood  of  mountams 
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and  shut  in  by  high  cliffs  or  lofty  walls  of  rock.  They 
-sparkle  with  pure  fresh  water,  or  are  black  with  the  peaty 
matter  of  the  hollows  over  which  the  water  has  passed.  There 
is  no  limit  to  the  height  at  which  such  lakes  may  exist,  but  that 
of  the  mountains  among  which  they  occur.  They  are  often 
small,  and  generally  longer  than  they  are  wide.  They  are 
portions  of  valleys,  and  partake  of  the  general  character  of  the 
surrounding  scenery.  They  are  almost  infinitely  multiplied, 
for  the  name  may  be  applied  to  any  body  of  water  whose  rate 
of  progress  has  been  sensibly  diminished  in  any  part  by  this 
temporary  expansion  of  the  channel,  and  it  is  used  almost 
without  reference  to  magnitude.  Very  small  mountain  lakes 
are  sometimes  called  "tarns." 

Lakes  must  vary  according  to  the  relative  rate  of  entry  and 
-discharge  of  the  water,  and  the  amount  of  evaporation  from 
the  surface.  In  some  cases  the  evaporation  will  be  little 
greater  than  it  would  have  been  from  the  river  if  it  had  not 
been  cheeked.  AU  that  is  necessary  to  form  a  lake  is  that 
the  water  should  be  prevented  from  flowing  for  a  time  by 
«ome  irremovable  obstacle,  so  that  there  is  an  accumulation 
of  its  volume  in  an  enlarged  bed.  Lakes  thus  formed  are 
generally  permanent,  and  subject  to  very  little  alteration  of 
height  or  area.  Their  history  is  a  matter  which  we  shall 
Jiave  to  consider  afterwards. 

But  when  watpr  has  issued  from  the  mountains,  and  is 
traversing  a  part  of  the  country  comparatively  plain,  when 
there  are  no  apparent  obstacles  to  overcome,  and  the  stream 
occupies  local  depressions  of  the  surface  because  it  has  little 
or  no  motive  power,  the  lake  becomes  a  pool  or  pond,  the 
'Water  becomes  apparently  stagnant,  and  although  a  consider- 
ebie  stream  may  enter  at  one  extremity,  and  a  large  body  of 
water  issue  from  the  other,  the  water  in  the  lake  itself  will 
not  be  in  motion.  Evaporation  then  removes  a  certain 
•quantity,  and  the  magnitude  of  the  pool  must  depend  on  the 
ratio  between  supply  and  evaporation.  Generally,  when  the 
one  is  greatest  the  other  is  smallest,  and  thus  such  lakes  are 
very  irregular  in  size.  Lake  Torrens,  in  Australia,  Lake 
Tchad,^  and  other  great  lakes  in  Africa,  are  among  the  most 
striking  illustrations.  These  pools  sometimes  disappear  almost 
entirely,  and  at  other  times  are  of  dimensions  so  large  as 
-almost  to  rank  among  the  principal  lakes  of  the  world. 

In-  a  few  instances  there  is  good  evidence  of  the  former 
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yresence  of  the  ocean  at  its  usual  level  in  places'  where  we 
now  have  lakes,  whose  surface  is  below  the  sea  level.  In  these 
•cases  we  have  examples  of  portions  of  the  bed  of  the  ocean, 
which,  by  some  accident,  have  been  separated  from  the  rest 
of  the  ocean  floor  without  having  themselves  been  elevated. 
It  is  a  process,  the  exact  converse  of  the  formation  of  an 
island  by  tbe  cutting  through  of  some  isthmus,  which 
formerly  connected  it  with  a  continent.  Both  are  instances 
•of  interrupted  continuity.  When  such  lakes  are  formed, 
•evaporation  wUl  take  place  from  their  surface,  and  they  would 
become  dry  were  they  not  supplied  by  the  water  of  streams 
bringing  in  the  drainage  of  the  surrounding  land.  After  a 
time  a  balance  is  struck  between  these  supplies  and  evapora- 
tion, and  the  lake  is  more  or  less  salt,  according  to  the  excess 
•of  one  or  the  other.  If  the  rivers  bring  in  more  water  than 
ds  evaporated,  the  water  is  brackish,  and  at  a  higher  level  than 
the  sea.  If  they  bring  in  less,  the  waters  are  at  a  lower  level, 
«alter,  more  bitter  and  heavier  than  sea  water,  and  this  wiU 
be  in  proportion  to  the  difiFerence.  Sometimes  deposits  of 
«alt  will  take  place  at  the  bottom  when  the  level  of  the  water 
is  gi'eatly  lowered.  Should  tliere  be  no  drainage  into  a  lake 
thus  formed,  so  that  the  whole  of  the  water  become  evaporated, 
the  solid  contents  of  the  water  must  be  left  behind  to  form 
•deposits.  Such  deposits  exist  among  rocks  in  many  parts  of 
the  world,  as  at  Cardona,  in  Spain,  in  the  Carpathians  and 
Alps,  and  in  the  middle  of  England.  Such  deposits  are 
leing  formed  in  the  Dead  Sea  and  in  the  Caspian. 

Running  water,  bringing  with  it  large  quantities  of  detritus 
and  mud,  deposits  a  large  proportion  of  this  foreign  material 
where  it  comes  in  contact  with  still  water,  whether  fresh  or 
salt,  and  thus  there  is  a  tendency  to  choke  up  lakes  of 
moderate  size.  Near  the  sea,  however,  at  the  mouths  of 
great  rivers,  or  even  where  the  actual  streams  are  incon- 
siderable, a  barrier  often  grows  up  beyond  the  ordinary  limit? 
•of  land.  This  is  especially  common  in  long  lines  of  flat  coast 
In  such  cases  the  barrier  becomes  in  course  of  time  a  long 
■strip  of  low  land,  open,  perhaps,  to  the  sea  at  one  or  two 
points,  but  enclosing  a  large  tract  of  shallow  water.  Such  is 
tJ^e  long  spit  of  land,  called  the  Lido,  that  protects  Venice 
from  the  sea,  and  forms  the  Lagoon.  Lagoons  are  lakes 
often  shallow,  formed  artificially  near  the  sea,  Vhere  the 
level  of  the  fresh  water  within  the  barrier  or  reef  is  the  same 
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as  that  of  the  sea  immediately  outside,  and  where  there  ia^ 
little  current  of  the  water,  either  entering  or  emerging. 

Such  are  the  varieties  of  lakes.  They  exist  in  various- 
countries,  and  however  comparatively  small,  are  really  very 
interesting  portions  of  the  great  aqueous  sheet  that  covera- 
so  large  a  part  of  our  globe.  The  quantity  of  water-surface 
within  the  land  is  at  present  not  large  compared  with  the- 
surface  of  the  land,  and  therefore  very  small  indeed  com- 
pared with  the  oceanic  area.  But  it  may  not  always  have- 
been  so,  for  although  a  limit  is  put  to  the  accumulation  of 
sheets  of  fresh  water  by  the  balance  of  rain-faU  and  evapora- 
tion, this  limit  is  by  no  means  reached  in  the  condition  of  the- 
earth's  surface  with  which  we  are  familiar.  All  the  surfaces^ 
of  fresh  water  now  on  the  globe  would  probably  not  exceed 
half  a  million  of  square  miles,  or  less  than  one  hundredth, 
part  of  the  area  of  the  land — not  one  three  hundredth  part 
of  that  of  the  sea. 

And  the  fresh  water  lakes  that  are  known  aud  described, 
are  distributed  in  a  very  peculiar  and  irregular  manner. 
A  large  part  of  the  area  is  to  be  found  in  a  group,  few  in. 
number,  occupying  a  comparatively  small  district  in  north 
America.  A  large  part  of  the  remainder  must  he  sought  for 
in  Central  Africa.  Throughout  the  rest  of  the  world,  although 
the  number  of  such  lakes  is  certainly  enormous,  the  total  area. 
of  water  would  hardly  exceed  100,000  square  miles. 

The  salt  lakes  are  few  in  number,  and  their  total  ai-ea  must 
be  less  than  500,000  square  miles. 

There  are,  however,  many  interesting  peculiarities  about, 
lakes  that  render  them  well  worthy  of  careful  study  as  phy 
aical  phenomena.  They  belong  to  the  history  of  the  earth, 
and  are  instructive  to  the  geologist,  as  well  as  in  the  highest 
degree  pictm-esque.  We  now  proceed  to  describe  the  prin- 
cipal lakes  of  the  different  countries  of  the  world. 

Our  own  islands  contain  examples  which,  if  small  in  actual 
dimensions,  are  not  for  that  reason  unimportant.  In  the 
mountain  tracts  of  Cumberland  and  Westmoreland,  and  in. 
those  of  Wales  and  Scotland,  are  many  small  mountain  lakes. 
In  Ireland  are  some  of  this  kind,  and  others  of  larger  dimen- 
sions occur  in  the  flat  table  lands.  The  Cumberland  lake* 
are  singularly  picturesque.  Windermere,  the  largest,  occupies 
part  of  a  valley.  It  is  14  miles  in  length  and  one  mile  broad. 
UUswater  is  9  miles  long,  and  about  t£e  same  breadth,    Der* 
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wentwater  is  4  miles  long.  The  others  are  much  smaller. 
All  are  narrow.  They  occupy  enlargements  of  valleys,  ha^nng 
a  stream  entering  and  leaving  them.  The  widb  part  of  the 
valley  in  some  cases  seems  to  have  been  swept  out  by  water, 
and  then  by  some  interruption  or  accumulation  at  the  lower 
part  has  been  converted  into  a  lake.  It  is  thought  by  soma 
geologists  that  ice  coming  down  as  glaciers  from  the  moun- 
tains adjacent  during  the  glacial  period,  has  scooped  out  the 
beds  of  these  lakes.  The  Scotch  lochs  are  of  the  same  general 
nature,  but  many  of  them  are  estuaries,  the  sea  entering  at 
one  end.  The  water,  however,  is  fresh  and  perfectly  sweet. 
The  Irish  loughs  are  gen^ially  not  enclosed  by  hills,  but  there 
are  exceptions  to  this,  as  the  beautiful  lakes  of  Eillaraey.  The 
Welsh  lakes  are  mountain  pools  or  tarns  rather  than  lakes. 
Bala,  which  is  four  miles  in  length,  is  the  largest  of  them. 

France  is  without  fresh  water  lakes,  and  except  those  of 
Switzerland  and  the  Tyrol  there  are  few  in  the  central  plains 
■  of  Europe,  north  of  the  great  mountain  chain.  Many  of  the 
lakes  of  northern  Europe  (Sweden,  Finland,  and  Bussia),  are 
pools  in  flat  plains.  Two  important  groups  of  lakes  occur  in 
the  elevated  land  close  to  the  Alps  on  both  sides,  near  the  lower 
parts  of  the  valleys.  On  the  north  side  are  the  Swiss  and  on 
the  south  side  the  Italian  lakes.  From  them  proceed  some  of 
the  principal  streams  of  Europe. 

Of  the  Swiss  lakes,  one  of  the  largest  and  most  regular  in 
'  form  is  the  Lake  of  Geneva  (45  miles  long,  one  to  9J  miles 
wide,  area  8i2  square  nules,  height  above  the  sea  1,230  feet, 
extreme  depth  984  feet).  It  is  a  noble  sheet  of  water,  ehizt 
in  on  the  south  by  lofty  mountains,  but  open  towards  the 
north  to  the  great  plain  of  Switzerland.  It  receives  several 
-streams,  and  is  subject  to  sudden  rises  of  the  water,  amounting 
to  4  or  6  feet.  The  Rhone  enters  it  at  the  upper  extremity, 
and  issues  from  it  at  Geneva.  Its  waters  are  of  an  exquisite 
blue  colour.  The  Lake  of  Lucerne  (21  nules  long,  half  a  mile 
to  a  miles  wide,  1,437  feet  above  the  sea,  greatest  depth  1,140 
feet),  is  a  very  irregular  piece  of  water,  occupying  three  valleys, 
and  is  entirely  shut  in  by  very  lofty  mountains.  It  connects 
with  the  Samen-see  (3  miles  long)  and  Luugern  See  (smaller, 
and  now  partly  drained).  The  Reuss  enters  it,  coming  from 
:the  St.  Gothard  Pass.  The  Lake  of  Zurich  (26  nules  long, 
2  miles  wide,  640  feet  deep,  1.342  feet  above  the  sea),  'S 
enclosed  by  much  lower  hills  than  the  lakes  of  Geneva  and 
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Lucerne.  The  Lake  of  Wallenstadt  (10  miles  long,  1}  miles- 
-wide,  600  feet  deep,  1,393  feet  above  the  sea),  is  shut  in  by 
lofty  mountains,  and  steep,  precipitous  clifis.  Thun  and  Briens 
are  smaller,  but  most  beaut^ol  lakes,  between  the  Lake  of  Lu- 
cerne and  the  Lake  of  Geneva. 

The  Lake  of  Constance  (41  miles  long,  4J  to  9^  miles  wide, 
1,027  feet  deep,  1,306  feet  above  the  sea),  is  one  of  the  largest. 
of  the  Svriss  lakes,  but  is  somewhat  outlying  towards  the 
north.  The  Rhine  enters  and  issues  from  it.  The  waters  of 
the  lake,  like  those  of  the  Lake  of  Geneva,  are  subject  to 
sudden  alterations  of  level.  Below  the  town  of  Constanoft 
this  lake,  which  is  there  reduced  to  a  stream,  widens  again 
into  a  smaller,  but  beautiful  lake,  the  Unter-see.  The  Lake 
of  Neuchatel  (34  miles  long,  6  mUes  wide,  488  feet  deep,  and 
1,427  feet  above  the  sea),  lies  on  the  western  side  of  the  great 
valley  of  Switzerland.  It  connects  with  the  Lake  of  Bienne 
(10  miles  long,  one  mile  to  3  miles  wide,  400  feet  deep,  1,410> 
feet  above  the  sea),  by  a  shallow  stream,  These  two  lakes  ara 
on  the  western  or  Jura  side  of  the  valley  of  Switzerland,  and 
removed  from  the  high  Alps. 

The  lakes  on  the  south  or  Italian  side  of  the  Alps  are  at 
levels  much  lower  than  those  of  Switzerland.  The  principal 
are  the  Lago  Maggiore  (the  longest, — 42  miles  long,  2  to  3- 
miles  wide,  expanding  in  one  part  to  6  miles,  646  feet  above 
the  sea,  deepest  part  said  to  exceed  2,500  feet)  ;  Lago  diGarda 
(the  largest  sheet  of  water,  35  miles  long,  2  to  10  miles  vride,. 
320  feet  above  the  sea,  951  feet  deep);  Lago  di  Como  (40- 
miles  long,  1  to  3  miles  wide,  600  feet  above  the  sea,  greatest 
depth  1,930  feet);  and  Lake  Lugano,  between  Como  and; 
Mj^giore,  (20  miles  long,  1  to  2  miles  wide,  500  feet  deep> 
800  feet  above  the  sea).  The  smaller  lakes  are  the  Lago  di- 
Orta  on  the  south-west,  and  the  Lago  di  Varese  on  the  south- 
east of  the  Lago  Maggiore ;  and  flie  Lago  d'Iseo,  between 
Bergamo  and  Brescia.  The  latter  is  7  mUes  long.  All  are  in 
the  highest  degree  picturesque,  and  are  smrounded  by  loftj" 
mountains,  rising  steeply  from  the  shore  Like  those  of  Switzer- 
land, they  occupy  expansions  of  river- valleys,  the  course  of  the- 
stream  towards  the  sea  being  checked  for  a  time  by  a  natural 
barrier;  above  which  the  waters  must  rise  before  it  can  prooeei- 
on  its  way.  Thus  the  Adda  issues  from  the  lake  of  Como„ 
the  Ticino  from  the  Lago  Maggiore.  The  Lake  Lugano  com- 
jnunicates  with  the  Lago  Maggiore  by  the  Tresa      The  Mineitt 
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iBBues  from  the  Lago  di  Garda,  All  these  streams  cross  thd 
plains  of  Lombardy  and  enter  the  river's  that  traverse  these 
plains  from  west  to  east  to  the  Adriatic. 

Comparing  the  lakes  on  the  north  and  south  sides  of  the 
Alps,  it  may  be  observed  that  the  latter  are  both  at  a  much 
lower  level  and  much  deeper  than  the  former.  They  partici- 
pate in  that  abrupt  and  precipitous  character  by  which  the 
southern  wall  of  the  Alps  is  distinguished  from  the  northern 
slopes.  They  occupy,  on  the  whole,  narrower,  less  regular, 
more  precipitous,  and  more  distinct  fissures,  and  they  commu- 
nicate by  much  shorter  channels  with  the  ocean. 

There  are  a  few  other  lakes,  not  unimportant  from  their 
size  and  geographical  position,  situated  on  the  north  side  of 
the  main  Alpine  chain.  Some  are  in  Upper  Bavaria  and  the 
Tyrol,  others  further  east.  Among  them  may  be  mentioned 
the  Wurm-see  in  Upper  Bavaria  (12  mUes  long,  4  miles  wide), 
discharging  its  surplus  waters  into  the  Ammer,  which  traverses 
another  lake,  the  Ammer-see,  (10  miles  long,  4  miles  wide) 
There  is,  also,  the  Chiem-see  (13  miles  long,  9  miles  wide),  a 
mountain  lake,  1,650  feet  above  the  sea,  and  480  feet  deep. 
Still  farther  to  the  east  is  the  shallow  Neusiedlersee  (23  miles 
long,  7  miles  wide),  and  the  Platten-see  (48  miles  long,  3  to 
10  miles  wide,  40  feet  deep),  whose  waters  are  slightly  salt, 
although  it  receives  a  number  of  streams.  It  is  said  that 
there  are  many  thousand  sheets  of  water  in  Bohemia,  Gallicia 
and  Moravia.     They  are  all  small. 

The  Pyrenees  contain  but  few  lakes,  and  none  of  them  are 
large.  They  are  at  a  considerable  elevation  above  the  sea, 
and  not  very  deep.  The  Lac  Bleu  (about  120  acres  in  extent) 
is  6,540  feet  above  the  sea ;  its  depth  is  400  feet.  The  Lac 
d'Oo  (100  acres),  is  only  230  feet  deep,  but  is  at  a  very  high 
elevation      Both  are  on  the  French  side. 

Besides  the  lakes  belonging  to  the  Alpine  system,  Italy 
contains  a  number  of  small  pieces  of  water,  many  of  them  oc- 
cupying the  craters  of  ancient  volcanoes.  Lake  Thrasymene, 
near  Perugia,  is  30  miles  in  circumference.  The  lakes  of  Bolsena 
(10  mUes  long,  8  miles  broad),  Vico  (2|  miles  long),  near  Vi- 
terbo,  and  Albano,  near  Kome,  are  more  remarkable  for  pic 
turesque  beauty  than  for  magnitude. 

Northern  Europe  is  not  without  great  lakes.  These  are 
chiefly  to  be  found  on  the  eastern  side  of  the  Scandinavian 
mountain  chain,  and  include  the  Sweilish  lakes  Wenern  and 
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"Wettem,  and  Lake  Malar,  the  countless  sheets  of  water  ol 
Finniiark,  the  Bussiau  lakes  of  Ladoga  and  On^^ga,  :and  a  few 
■others  less  important.  It  is  estimated  that  the  lakes  of  Sweden 
cover  nearly  §3,000  s(juare  miles,  or  more  than  oae-.eigh<h  of 
the  afea  of  the  icauntry.  In  Finland  the  proportion  of  water 
to  land  is  still  larger. 

Lake  Wenem  (115  miles  long,  15  to  30  miles  wide,  144  feet 
flboye  the  sea),  is  divided  into  two  parts  by  projectii^  head- 
luikds.  The  western  part  (called  Lake  Dalbo)  is  included  in 
iJafi  aljove  statement  of  dimensions.  It  is  fed  by  numerous 
streams,  and  a  considerable  stream  issues  from  it  into  the 
Cajbtegat,  falling  by  several  rapids.  Lake  Wettem  (80  miles 
long,  10  miles  wide,  490  feet  deep,  288  feet  above  the  sea), 
also  receives  many  streams  and  torrents,  and  has  a  short  and 
interiupted  course  to  the  sea.  Lake  Hielmar,  (40  ndles  long, 
3  to  12  miles  wide,  78  feet  above  the  sea),  communicates  by 
&  stream  of  some  importance  with  Lake  Malar,  (70  nules 
long).  This  lattra-  lake  is  exceedingly  irregular,  and  crowded 
■with  numerous  islands,  so  that  hardly  a  mUe  square  of  surface 
is  dear.  It  is  nearly  on  a  level  with  the  Baltic.  By  the  aid 
of  canals  and  locks,  connecting  these  with  other  systems  of 
lakes,  many  of  them  of  large  size,  a  complete  water  communi- 
cation is  made  through  a  very  extensive  area  in  Sweden, 
whose  level  varies  from  that  of  the  Baltic  to  that  of  Lake  Bar- 
ken, which  is  327  feet  above  the  Baltic. 

Finland  is  called  by  its  natives  the  region  of  lakes.  Ele- 
vated from  400  to  600  feet  above  the  sea  is  a  central  plateau, 
more  than  one-third  of  which  is  covered  with  water.  In  the 
south-eastern  part  is  Lake  Ladoga,  (120  mUes  long,  70  miles 
wide,  area  6,500  square  miles,  extreme  depth  900  feet),  which 
receives  the  waters  of  Lake  Onega,  (120  miles  long,  40  miles 
■wide,  extreme  depth  900  feet),  and  conducts  them  by  the 
Neva  to  the  Gulf  of  Finland.  Lake  Saima,  (180  mUes  long, 
20  to  25  miles  wide,  and  full  of  islands),  and  Lake  Ilmen, 
(length  30  miles,  breadth  24  miles,  107  feet  above  the  sea), 
also  communicate  with  Lake  Ladoga.  Lake  Enare,  in  the 
north'of  Lapland,  covers  1,000  square  miles,  and  discharges 
its  waters  into  the  Arctic  Ocean.  A  multitude  of  small  lakes 
communicate  with  the  Lake  of  Pyhajarvi. 

AU  these  northern  lakes,  except  those  which  are  mere 
Bwamps,  wotdd  seem  to  partake  of  the  general  character  of 
the  Alpine  lakes,  and  to  be  connected  with  natural  fissures  in 
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hard  rock.  Some  are  deeper  than  the  adjoining  ocean,  and 
all  belong  to  one  class  of  phenomena.  They  are  still  subject 
to  the  action  of  ice,  but  there  can  be  no  doubt  that  large  masses 
of  ice,  either  glaciers  or  icebergs,  have,  at  some  former  period, 
glided  or  been  drifted  over  them. 

Continuing  eastwards,  on  the  north  side  of  the  great  axis  of 
elevation  of  the  eastern  hemisphere,  we  find,  south  of  the  Ural 
mountains,  and  between  that  chain  and  the  main  chain,  of 
which  the  Caucasus  is  an  outlying  portion  to  the  west,  a  vast 
depression,  described  by  Sir  Roderick  Murchison  as  the  Aralo- 
•Caspian  depression.  Within  this  space  are  the  Caspian  Sea 
and  the  Sea  of  Aral,  both  covered  with  salt  water,  and  the 
former  much  below  the  level  of  the  ocean.  They  are  due  to  a 
different  agency  from  that  concerned  in  the  formation  of  the 
'fresh  water  lakes,  connected  with  geological  changes  already 
^alluded  to.     These  salt  lakes  are  a  class  apart. 

Besides  the  salt  lakes,  there  are,  in  northern  Asia,  several 
important  sheets  of  fresh  water.  Some  of  them  receive  but 
do  not  discharge  rivers,  and  some  belong  to  the  class  of  moun- 
tain lakes.  Of  the  latter,  by  far  the  most  interesting  is  the 
Lake  of  Baikal,  which,  indeed,  is  the  largest  of  its  class.  It  is 
enclosed  within  the  mountain  ranges  which  skirt  the  northern 
side  of  the  high  table  land  of  Upper  Asia.  It  lies  in  the  lati- 
.tude  of  England  (51»  to  56o  N.),  and  in  IO40  to  lllo  E. 
longitude.  It  is  400  miles  in  length  and  from  20  to  50  miles 
across.  Its  depth  is  considerable,  exceeding  in  many  parts 
100  fathoms,  but  it  has  not  been  carefully  surveyed.  It  is 
fed  by  numerous  streams,  one  of  which  (the  Lelinga)  has  a 
course  of  700  miles,  another  (the  Upper  Angara)  of  450  miles. 
There  are  said  to  be  nearly  two  hundred  smaller  streams 
emptying  into  it.  The  main  outlet  (the  Lower  Angara)  is 
comparatively  small,  though  its  course  is  extremely  rapid. 
The  level  of  the  lake  is  nearly  1 ,800  feet  above  the  sea.  The 
.country  around  is  volcanic. 

The  lakes  of  western  Asia  are  not  of  remarkable  dimensions. 
Lake  Tengiz  or  Balkash  is  without  an  outlet  (length  150 
miles,  breadth  75  miles).  It  is  situated  near  the  northern 
•edge  of  the  great  central  basin  of  Asia.  The  Tehauy,  in 
Siberia,  is  B5  miles  long  by  40  miles  wide,  but  is  little  known. 
In  Persia,  Lake  Urumiyah  or  Shahel  (40  miles  long  and 
•■i6  miles  wide),  and  in  Asiatic  ■  Turkey  (Armenia)  Lake  Van 
•(length  07  miles,  breadth  2^  miles,  5,467  feet  above  the  sea), 
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occupy  lofty  basins  surrounded  by  steep  mountains.    Both  are- 
salt,  and  neither  has  any  visible  outlet.     The  former  is  very 
shallow,  the  latter  deep  in  some  places.    Lake  Seistan  or  Koh 
i-Kwajeh,  though  of  great  area  (70  miles  long,  18  to  30  mile»^ 
wide),  is  a  shallow  pool  in  the  high  table  land  of  Iran. 

The  Lake  of  Pangong,  in  Western  Thibet,  is  110  miles  long 
and  60  miles  wide.  It  receives  the  drainage  of  about  12,000- 
square  miles  of  high  land  by  two  principal  streams.  It  is  an 
expansion  of  the  upper  valley  of  the  Indus,  and  is  situated 
13,400  feet  above  the  sea.  The  waters  are  salt,  containing' 
much  sulphate  of  magnesia,  but  towards  the  south-east  extremity 
are  drinkable. 

The  Lake  Sir-i-Kol  is  a  small  sheet  of  water  in  the  district 
of  Pamir,  in  Thibet,  but  is  remarkable  as  being  the  highest 
known  lake  above  the  sea  level  (15,600  feetl,  and  as  the  source 
of  the  river  Oxus. 

The  south  side  of  the  great  elevated  tract  which  forms  the 
backbone  of  the  old  world,  exhibits  a  number  of  peninsulas- 
and  islands,  rather  than  any  continued  expanse  of  land: 
Africa,  Arabia,  India,  and  the  Malay  peninsula,  are  cormepted: 
with  the  continent.  The  islands  of  the  Indian  Archipelago,. 
Madagascar,  Australia,  and  New  Zealand,  are  detached.  In 
none  of  these  lands,  except  Africa,  are  there  lakes  of  largo 
dimensions,  and  the  African  lakes  are  of  the  nature  of  depressed, 
basins  in  plains,  or  hollows  in  table  lands,  resembling  in  this^ 
respect  the  great  Aralo-Caspian  basin,  and  the  exceedingly 
smaller  but  similar  basin  of  the  Dead  Sea  in  Asia. 

These  various  depressed  basins  are  distinct,  in  many  re- 
spects, from  mountain  lakes,  even  when  they  are  at  a  very  high 
level,  as  some  of  those  in  Africa.  They  occupy  a  different 
geological  position,  and  though  they  receive  and  may  discharge 
their  overflow  into  streams  of  importance,  they  possess  suffi- 
ciently marked  peculiarities.  They  are  often  of  very  large 
area,  and  may  be  either  salt  or  fresh,  according  to  local  circum- 
stances. 

The  Caspian  Sea  is  the  largest  sheet  of  salt  water  on  the 
globe,  not  communicating  witi.  the  ocean.  From  north  to 
south  its  length  is  750  miles,  but  a  curved  line  through  its- 
centre,  to  the  north-eastern  corner,  is  900  miles  long.  It 
varies  in  breadth  from  150  to  870  mUes.  Its  depth  in  the 
centre  varies  from  1 30  feet  to  nearly  3,000  feet.  Its  surface 
is  84  feet  below  the  level  of  the  Black  Sea,  and  is  said  to  be 
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lowering.  Its  waters,  though  salt,  are  much  less  so  than 
those  of  the  ocean,  as  several  lai-ge  rivers  empty  themselves 
into  it.  The  Sea  of  Aral  is  265  miles  from  north  to  south, 
and  125  miles  from  east  to  west,  but  there  is  a  prolongation 
to  the  north-east  100  miles  long  and  20  miles  wide.  Its 
depth  in  the  centre  is  90  Jfeet,  but  it  deepens  towards  the 
western  shore.  Its  leynJ  is  38  i  feet  above  the  Black  Sea,  or 
117|  feet  above  the  Caspian.  Large  rivers  flow  into  it,  and 
its  waters  ai-e  rather  brackish  than  salt,  but  it  has  no  apparent 
outlet. 

There  would  seem  little  doubt  that  both  the  Caspian  Sea. 
and  the  sea  of  Aral  have  formerly  been  connected  with  the- 
ocean,  and  perhaps  with  each  other.  Since  they  have  been, 
converted  into  lakes,  the  difference  in  the  magnitude  and  rain- 
fall in  their  respective  drainage  areas  has  been  such,  that 
while  the  Caspian  has  sunk  far  below  the  original  level,  the 
sea  of  Aral  has  risen  nearly  forty  feet  above  it. 

The  Dead  Sea  is  small,  but  it  is  part  of  a  considerable  depres- 
sion, separated  from  the  Eed  Sea'by  a  narrow  tract  of  land  of 
no  great  elevation.  Its  mean  length  is  35  miles,  and  its 
breadth  10  to  12  miles.  Its  level  is  1,312  feet  below  that  of 
the  Bed  Sea.  It  is  intensely  salt ;  and  bitumen  not  unfre- 
quently  floats  on  it.  It  is  enclosed  in  a  deep  valley,  and 
though  it  receives  the  waters  of  the  Jordan,  has  no  outlet. 
The  lake  of  Tiberias  occupies  a  part  of  the  same  general 
depression. 

The  lakes  of  Africa  are,  in  many  respects,  very  remarkable.. 
There  is  a  group  of  three,  Tanganyika,  Victoria  Nyanza,  and, 
Albert  Nyanza,  recently  discovered  by  the  Nile  explorers,, 
which  must  be  noticed  as  among  the  most  remarkable  known. 
The  lakes  Nyassa  and  Shirwa,  discovered  by  Dr.  Livingstone,. 
are  next  in  importance.  Lake  Tchad  has  long  been  known  ^ 
and  is  also  connected,  in  an  important  sense,  with  the  physical 
geography  of  the  African  continent. 

Of  these  Jakes,  the  Victoria  Nyanza  and  Albert  Nyanza, 
both  fresh  water,  must  be  regarded  as  the  head  waters  of  the 
Nile.  The  former  (discovered  by  Captain  Speke)  is  3,308 
feet  above  the  ocean,  and  reaches  from  about  2J°  south  of  the- 
Equator,  to  about  23  miles  north.  Its  distance  from  north 
to  south  is,  therefore,  about  200  miles.  It  is,  probably  300' 
miles  from  east  to  west,  but  its  limits  towards  the  west  are.- 
not  well  defined.      It  reaches  eastwards  to  about  32|o  E, 
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longitude  The  stream  is  said  to  flow  northwards.  Passing 
by  a  succession  of  rapids  and  falls  towards  the  north-west  it 
receives  several  small  additions,  till  in  latitude  2"  20'  N.,  and 
longitude  31|o  E.,  it  enters  the  northern  extremity  of  the 
Lake  Albert  Nyanza. 

The  Albert  Nyanza  is  believed  to  extend  south  of  the  second 
parallel  of  south  latitude,  connecting  by  a  channel  vrith  the 
Xiake  Tanganyika,  discovered  by  Burton  and  Speke.  It 
reaches  nearly  to  3"  N.  latitude.  Its  length  is  at  least  350 
Tniles,  and  its  breadth,  for  a  considerable  distance,  100  miles. 
It  is  2,Y20  feet  above  the  sea.  The  mountains  enclosing  the 
Albert  rise  more  than  7,000  feet  above  the  lake,  and  are,  there- 
fore, 10,000  feet  above  the  sea.  A  main  stream  of  the  Nile  runs 
northwards  from  the  lake,  and  from  this  point  the  White 
Nile  has  been  followed  to  the  sea.  Beyond  it,  to  the  West, 
are  probably  other  equatorial  lakes,  or  an  extension  of  tliis 
lake  to  the  west. 

The  Tanganyika,  a  large  and  important  sheet  of  water,  is 
•now  believed  to  be  a  southerly  extension  of  the  Nyanza.  The 
Albert  may  possibly  be  the  head  water,  not  only  of  the  Nile, 
running  northwards,  but  of  streams  running  southwards,  and 
■connecting  with  the  Shire  river,  lake  Shirwa,  and  other  lakes 
•discovered  or  described  by  Dr.  Livingstone. 

The  Tanganyika  commences  in  latitude  S<>  20'  S.,  and 
■extends  to  about  8"  S.  Its  length  is,  thus,  more  than  300 
miles.  It  is  narrower  than  the  lakes  already  described ;  in- 
creasing gradually  towards  the  south,  where  it  is  about  60 
miles  wide.     Its  depth  is  unknown. 

Considerably  to  the  south  of  Tanganyika  (the  intermediate 
country,  for  a  distance  of  about  500  miles,  not  having  yet  been 
described  by  modfern  travellers)  is  the  Lake  Nyassa  of  Living- 
Btone.  It  is  more  than  200  miles  in  length,  from  north  to 
south,  and  varies  in  breadth  from  15  to  60  miles.  The 
northern  extremity,  however,  has  not  been  reached,  and  it  may 
■be  connected,  by  means  of  open  channels  and  other  sheets  of 
■water,  with  the  equatorial  lakes  Its  level  is  lower  than  that 
■of  Tanganyika,  which  was  described  by  Burton  and  Speke  as 
being  1,850  feet  above  the  sea. 

Still  further  to  the  south,  but  smaller  and  less  important, 
lis  the  Shirwa.  It  resembles  the  other  African  lakes  in  its 
igeneral  character. 

Lake  Tchad  is  a  large,  but  indeterminate  pool,  situated  in 
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trjpieal  Africa,  nearer  to  the  western  than  the  eastern  side- 
of  the  continent,  in  latitude  IS"  30'  to  Id"  30'  N.  Its  length 
in  ordinary  seasons  is  upwards  of  200  miles,  and  its  breadth. 
140  mUes.  It  is  estimated  to  be  850  feet  above  the  sea.  It 
receives  a  considerable  drainage,  but  is  extremely  shallow, 
generally  from  8  to  15  feet  deep,  but  varying  with  seasons. 
It  hardly  appears  to  have  any  defined  boundary,  as  its  size- 
is  greatly  influenced  by  circumstances.  It  contains  many 
islands,  and  both  its  shores  and  islands  are  cultivated.  This- 
lake  has  been  frequently  visited  by  travellers,  but  the  ac- 
counts received  vary  a  good  deal  from  each  other.  This  is  no- 
doubt  chiefly  owing  to  the  very  different  aspect  the  lake  ex- 
hibits at  different  seasons. 

The  Australian  lakes  greatly  resemble  Lake  Tchad.  They 
are  very  large  at  certain  seasons,  but  one  large  lake  becomes- 
converted  into  half  a  score  mere  ponds  in  the  dry  weather. 
Originally  visited  and  described  by  Mr.  Eyre  in  1840,  Lake- 
Torrens,  in  South  Australia,  was  followed  for  400  mUes. 
Its  width  was  from  15  to  20  miles.  It  is  very  shallow.  It 
has  since  been  found  broken  up  into  a  multitude  of  pools. 
Two  hundred  nules  to  the  south  of  Lake  Torrens  is  the- 
Alexandrian  Lake.  It  is  an  expansion  of  the  Murray  Kiver. 
and  is  about  30  miles  across. 

North  America  contains  the  largest  and  most  important 
group  of  lakes  in  the  world.  Commencing  at  the  north- 
western extremity,  near  the  Eocky  Mountains,  we  find  the- 
Great  Bear  and  Great  Slave  Lakes,  the  former  having  an  area 
of  14,000  square  miles  (height  above  the  sea  230  feet,  and 
depth  400  feet),  the  latter  in  a  similar  position,  and  of  about 
the  same  area  (300  miles  long,  50  miles  wide),  and  both  dis- 
charging by  the  Mackenzie  River  into  the  Arctic  Ocean. 
The  Athabasca  (230  miles  long,  20  to  40  miles  wide,)  is. 
scarcely  smaller,  and  belongs  to  the  same  system.  WoUaston 
and  Deer  Lakes  are  also  large  sheets  of  water.  Winnipeg 
(240  nules  long,  55  mUes  wide,)  and  Winnipegoos,  not  far  off" 
(125  miles  long,  25  miles  wide),  are  examples  of  lakes  in  flat 
countries  emptying  into  a  great  arm  of  the  sea. 

Much  further  to  the  south  we  come  to  the  site  of  the  five 
largest  sheets  of  fresh  water  in  the  world.  Lake  Superior 
is  the  largest  of  these  (length  from  east  to  west  335  miles, 
or  on  a  curve  400  miles,  greatest  breadth  176  miles,  greatest 
depth  1,200  feet,  height  above  Atlantic  857  feet).     It  receives 
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many  rivers,  and  its  surplus  waters,  after  falling  and  tumbling 
rapidly  over  innumerable  rocks,  enter  a  great  bay,  almost 
:  separated  by  a  chain  of  islands  and  a  long  peninsula  from 
Xake  Huron,  (extreme  length  240  miles,  breadth  60  to 
220  miles,  extreme  depth  more  than  1,800  feet,  height  above 
sea  584  feet).  This  lake  is  divided  into  two  portions  (northern 
.and  southern)  by  the  Manitoulin  Islands.  It  is  almost  equal 
-in  area  to  Lake  Superior,  and  communicates  by  an  open 
-Strait,  and  without  rapids  with  Lake  Michigan,  of  which  it 
might  be  regarded  as  a  part.  Taken  in  connection  with  Lake 
-Superior  the  two  lakes  form  a  curve  nearly  700  miles  in 
.length,  running  round  from  west  to  southeast.  At  its 
■furthest  extremity  Lake  Huron  connects  with  Lake  Erie  bj 
the  much  smaller  lake,  St.  Clair.  But  midway  along  this 
'.long  curved  line  comes  in  Lake  Michigan  from  the  south. 
This  great  sheet  of  water  is  300  miles  long  and  75  miles  in 
average  width.  Its  mean  depth  is  900  feet,  and  height  above 
the  sea  587  feet. 

Lake  Erie  comes  next  in  order  (length  265  miles,  breadth 
80  miles,  depth  84  feet,  height  above  the  sea  565  feet). 
-Owing  to  its  comparatively  small  depth  it  is  less  navigable 
than  the  other  lakes,  and  is  subject  to  sudden  movements  of 
the  waters,  but  its  waters  are  pure  and  transparent.  It 
(Passes  towards  the  north-east  into  Lake  Ontario,  by  the 
Niagara  River,  falling  333  feet  between  the  two  lakes. 
'Ontario  is  180  miles  long,  65  miles  wide,  500  feet  deep,  and 
its  waters  are  only  234  feet  above  the  tide  level  in  the 
:St.  Lawrence.  All  these  great  lakes,  having  a  total  area  of 
jiearly  85,000  square  miles  of  water,  are  temporary  iaterrup- 
'tions  of  the  passage  of  the  great  system  of  drainage  of  north- 
western America,  as  it  passes  down  varipus  streams  and 
-across  a  wide  expanse  of  table  land  towards  the  St.  Lawrence, 
by  which  river  their  waters  are  ultimately  discharged.  It. 
will  be  seen  by  the  above  description  that  the  waters  of  Lake 
-Superior  fall  270  feet  to  those  of  Huron  and  Michigan,  and 
ithat  these  fall  about  30  feet  to  Erie.  The  chief  part  of  the 
fall  occurs  between  Erie  and  Ontario. 

There  are  few  other  lakes  of  importance  in  North  America. 
Lake  Champlain  is  105  miles  long,  but  only  from  half  a 
mile  to  10  mUes  in  width,  and  has  many  islands.  In 
Florida  is  a  chain  of  small  lakes  terminating  in  Lake 
'Okechobee,  a  round  sheet  of  water  30  nulea  diameter.    Lake 
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Pontchartrain  (45  miles  long,  23  miles  wide,)  is  a  lagoon  rather 
than  a  lake,  situated  near  the  delta  of  the  Mississippi.  On 
the  east  side  of  the  Rocky  Mountains  is  a  long  series  of  lakes, 
many  of  them  of  volcanic  origin,  some  intensely  salt,  and 
others  formed  of  hot  mud.  Some  are  of  dimensions  which, 
in  any  other  position,  would  demand  attention ;  but  tney 
have  been  only  partially  described,  and  cannot  for  a  long 
period  possess  any  great  economic  importance. 

In  Central  America  there  are  a  few  lakes.  Nicaragua  is 
140  miles  long  and  40  miles  wide.  Its  surface  is  128  feet 
above  the  sea.  It  connects  with  another  smaller  lake  to  the 
north,  and  both  are  separated  by  a  narrow  neck  of  land  from 
the  Pacific.  Lake  Nicaragua  connects  by  the  River  San 
Juan  with  the  Gulf  of  Mexico. 

South  America  possesses  few  lakes  of  importance.  The 
most  interesting  is  Lake  Titicaca,  the  most  elevated  large 
sheet  of  water  in  the  world.  Its  area  is  nearly  3,000  square 
miles,  its  depth  720  feet,  and  its  height  above  the  sea 
12,846  feet.  It  discharges  its  surplus  waters  to  the  south. 
There  are  several  islands  in  it,  and  it  occupies  a  depression 
in  one  of  those  singular  valleys  in  the  Andes  of  considerable 
breadth  where  two  chains  unite.  In  Brazil  there  are  several 
lakes,  the  largest  is  Patos,  an  enlargement  of  the  Rio  Grande, , 
{length  140  miles,  breadth  40  miles).  A  group  of  consider- 
able lagoons  occurs  in  the  plains  of  Mendoza,  between  S.  lat. 
53°  to  34°,  and  West  lon^tude  66°  to  68°. 

There  are  thus  in  various  parts  of  the  world  important 
sheets  of  water,  occurring  in  groups  and  systems,  and  in  other 
parts  extensive  areas  in  which  no  lakes  appear.  It  is  also 
evident  that  the  lakes  are  of  at  least  two  very  distinct  kinds, 
for  while  in  many  cases  they  occupy  natural  mountain  vaiVtys, 
accidentally  closed  at  the  lower  end,  in  other  cases  they  are  open 
depressions  on  flat  lands.  Their  picturesque  efiect  depends 
greatly  on  the  circumstances  under  which  they  occur,  for  the 
grandest  and  most  desolate  scenery  may  be  found  around  large 
sheets  of  still  water.  Lakes  are  not  unfrequently  subject  to 
malarious  vapours  proceeding  from  them,  either  always  or  at 
certain  seasons. 

Lagoons  are  lakes  of  salt  or  brackish  water  communicating 
with  the  sea.  They  are  generally  shallow,  but  sometimes  very 
extensive. 
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Waterfalls. 


Eivers,  both  in  their  ordinary  course,  or  when  conTepng 
the  accamnlated.  waters  of  lakes  to  a  lower  level,  are  subject 
occasionallj  to  fall  down  rapid  declivities,  or  leap  over  pre- 
cipices. The  rapids  or  waterfalls  thus  produced  are  some- 
times phenomena  of  the  most  extraordinary  and  grandest 
kind,  and  require  some  special  notice.  It  is  by  no  means 
every  great  river  that  is  subject  to  accidents  of  this  kind,  nor  * 
do  all  lakes  in  delivering  their  surplus  waters  from  a  higher 
to  a  lower  level,  meet  with  obstructions  that  affect  the  general 
features  of  a  country. 

The  river  Rhine,  after  leaving  the  lake  of  Constance,  runs 
rapidly,  and  occasionally  falls  over  a  very  irregular  and  rugged 
bed  of  rock,  makiug  a  total  descent  of  about  100  feet  in  the 
course  of  a  very  short  distance,  near  the  town  of  Schaffhausen. 
The  great  falls  are  about  two  miles  below  the  town.  The  leap 
varies  from  50  to  60  feet,  according  to  the  state  of  the  river, 
and  is  divided  into  two  parts  by  a  detached  mass  of  rock. 
The  mass  of  the  water  is  much  greater  than  in  any  other- 
European  fall,  but  the  height  does  not  seem  considerable- 
when  we  compare  it  with  the  great  falls  in  other  countries. 

Except  the  comparatively  small  but  marvellously  beautiful; 
falls  of  the  Alps,  and  several  also  of  great  beauty,  though  in- 
considerable magnitude,  in  Norway,  there  are  no  other  con- 
siderable waterfalls  in  Europe;  The  Handek  is  probably  the- 
jinest  in  the  Alps.  The  river  Aar,  after  flowing  rapidly 
through  a  narrow  channel,  for  some  distance,  springs  over  a 
rocky  ledge,  and  descends  SOO  feet  into  a  dark  chasm,  whence 
clouds  of  spray  ceaselessly  rise.  The  Staubbach  is  very  fami- 
liar to  Swiss  tourists,  and  remarkable  for  the  extreme  height 
of  the  unbroken  fall,  which  amounts  to  nearly  900  feet.  Seea 
in  the  morning,  or  by  moonlight,  it  is  hardly  possible  to  ima- 
gine anything  more  beautiful  than  the  effect,  owing  to  the  en- 
tire breaking  up  of  the  water  by  the  air  through  which  it 
passes.     The  quantity  of  water  is  seldom  great. 

There  are  several  fine  falls  in  Norway.  The  Sarp-fos,  not 
far  from  Christiania  to  the  south,  is  the  name  of  the  fall  by 
which  the  river  Glommen  makes  its  way  to  a  lower  level.  The 
river,  measuring  about  120  feet  in  breadth  by  37  to  30  feet  in 
depth,  falls,  vertically  and  unbroken,  nearly  75  feet.    There 
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are  some  large  masses  of  granite  below  the  falls,  over  and 
among  which  the  foaming  water  rashes  a  short  distance,  but 
then  flows  gently  to  the  sea.  The  Riukan-fos,  south-west  of 
Christiania,  is  a  fall  of  900  feet,  and  the  body  of  water  is  large, 
though  inferior  to  that  of  the  Sarp-fos.  The  Voring-fos,  on 
the  Hardanger  fjord,  is  also  a  very  grand  fall ;  the  stream- 
Mling  perpendicularly,  without  a  single  contact  with  the  rock, 
for  nearly  one  thousand  feet,  into  a-  valley  scarcely  broader 
than  itself.  The  volume  bf  water  is  said  to  be  about  equal 
to  that  of  the  Handek,  in  Switzerland.  In  winter,  the  fall' 
takes  place  within  a  case  of  ice.  The  Ostud-fos,  also  into  the 
Hardanger  flord,  is  as  much  as  700  feet,  and  the  body  of  the- 
water  is  very  large.  The  number  of  falls  of  smaller  magni- 
tude is  exceedingly  large. 

Except  the  Rhine,  none  of  the  chief  rivers,  either  of  Europe- 
or  Asia,  fall  over  precipices,  and  few  of  them,  confined  within 
narrow,  rocky  channels,  inclined  at  a  considerable  angle,  are 
interrupted  in  their  navigation  by  serious  rapids.  Such  rapida 
once  existed  in  the  Danube,  where  the  river  breaks  through 
the  western  part  of  the  Carpathian  chain,  but  they  are  now 
rendered  unimportant.  The  Rhine  rapids  have  also  dis- 
appeared. There  are,  of  course,  numerous  mountain  streams 
felling  over  the  rocky  ledges  of  the  Himalayan  and  other 
Asiatic  mountains,  but  they  are  not  sufficiently  remarkable  to- 
detain  us  here. 

Africa  exhibits  two  examples  of  large  rivers  tumbling  head- 
long over  precipices.  The  Zambesi  possesses  cataracts  fully 
worthy  of  the  name.  They  occur  in  the  very  centre  of  southern 
Africa,  where  the  main  stream  of  the  Zambesi  (called  Leeam- 
bye)  coming  from  the  north  and  meeting  an  important  feeder 
from  the  south  connected  with  Lake  Ngami,  turns  eastwards 
towards  the  Indian  Ocean.  Clouds  of  vapour  from  the  falls, 
resembb'ng  smoke,  are  seen  at  a  distance  of  six  miles.  The 
stream,  half  a  mile  wide,  very  deep,  and  running  over  a  sheet 
of  hard  basaltic  rock,  towards  the  south,  suddenly  arrives  at  a 
broad,  deep  fissure  in  the  rock,  and  plunges  down  at  one  leap 
four  hundred  feet  into  a  valley  only  about  50  feet  wide.  The 
upper  part  of  the  fissure  is  only  100  feet  wide.  The  vast 
body  of  water  thus  disappearing,  as  it  were,  into  the  earth  is 
carried  away  to  the  east  in  the  direction  of  the  open  part  of 
the  fissure.  The  broken  water  rises  in  vapour  200  or  300 
fcei  above  the  top  of  the  falls.     Dr.  Livingstone  states  that 
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he  saw  the  falls  at  low  water.  At  high,  water  the  vapour  is 
eaid  to  be  visible  ten  mUes  off,  and  the  sound  is  heard  at 
-an  equal  distance. 

Among  the  African  falls  the  Eipon  Falls,  described  by 
Speke,  and  the  Karuma  and  Murchison  Falls,  visited  by 
Baker,  are  also  remarkable.  By  these  falls  the  Victoria  Nile 
or  Somerset  River,  connecting  the  Victoria  Nyanza  with  the 
Albert  Nyanza,  makes  its  way  from  the  higher  to  the  lower 
level,  the  difference  of  level  being  nearly  600  feet.  The  prin- 
cipal falls  of  the  Nile  are  the  Murchison  Falls,  where  the 
river,  500  yards  broad  and  of  considerable  depth,  gradually 
morrows,  and  at  length,  confined  in  a  narrow  gorge  scarcely 
60  yards  wide,  leaps  down  precipitously  for  120  feet  into  a 
dark  abyss  below.  "  The  fall  of  water  was  snow  white,  which 
had  a  superb  effect,  as  it  contrasted  with  the  dark  cliffs  that 
walled  the  river,  while  the  graceful  palms  of  the  tropics  and 
wUd  plantations  perfected  the  beauty  of  the  view."  * 

America  possesses,  in  the  great  Falls  of  Niagara,  one  of  the 
most  "remarkable  cataracts  in  the  world,  and  one  which  is  far 
better  known  than  others,  owing  to  its  position  in  a  civilised 
and  perfectly  accessible  country.  The  Falls  of  Niagara  re- 
semble, so  far,  those  of  the  Zambesi,  that  they  consist  of  a 
«Iean,  unbroken  fall  of  a  whole  river  over  a  vertical  precipice. 
The  body  of  water  is  enormous,  and  the  height  very  great. 
Having  been,  accurately  measured,  and  every  detail  recorded, 
these  falls  serve  as  a  useful  standard  of  comparison.  The 
Niagara  Biver  is  the  name  given  to  the  channel  conducting 
the  waters  of  Lake  Erie  to  Lake  Ontario,  and  the  difference 
of  the  level  of  the  waters  of  these  two  lakes  being  331  feet, 
ftnd  the  distance  or  length  of  channel  33^  mUes  measured 
.along  its  course,  there  is  a  fall  of  about  10  feet  per  mile.  The 
breadth  of  the  channel  varies  from  half  a  mile  to  more  than  a 
mite,  as  it  runs  over  a  nearly  level  terrace  of  hard  rock  on 
issuing  from  Lake  Erie.  In  this  way,  passing  some  islands 
and  descending  graduaUy,  it  runs  for  16|  miles  towards  the 
north  to  Grand  Island.  At  this  point  the  river  is  about  a' 
mile  wide  and  turns  towards  the  east,  running  for  3J  miles 
over  rapids,  falling  in  that  distance  66  feet,  the  last  51  feet 
t)eing  in  the  last  half  mUe,  terminating  at  the  actual  cataract. 
ySf  to  the  chief  rapids  the  river  is  navigable.    The  Great 

•  Baker's  "  Albert  Nyama."    ToL  ii,  p.  143. 
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Falls  are  formed  at  a  point  wherj  the  river  turns  suddenly  to 
the  NNE.  The  banks  are  level  and  little  above  the  water, 
in  this  respect  agreeing  with  the  Zambesi  Falls.  There  is 
«  very  deep  cleft  or  ravine  in  the  direction  of  the  water 
■channel  towards  Lake  Ontario,  doubtless  formed  gradually  by 
the  undermining  action  of  the  water  itself  in  the  course  of 
•time.  There  are  two  falls,  divided  by  Goat  Island.  That  on 
the  southern  (American)  side  is  375  yards  wide,  the  water 
falling  162  feet.  On  the  other  (Canada)  side  is  the  Horse- 
shoe Fall,  (so  called  from  its  shape),  700  yards  wide  and  149 
feet  down.  The  interval  or  breadth  of  Goat  Island  is  330 
yards.  The  whole  breadth-of  falling  water  is  1,405  yards, 
and  the  average  quantity  of  water  falling  is  estimated  at 
700.000  tons  weight  per  minute.  Below  is  a  strong  eddy  or 
■wliirlpool.  After  running  for  about  four  miles  through 
Barrow  precipitous  rocks  the  river  emerges,  and  runs  again 
quietly  for  the  rest  of  its  course.  It  is  impossible  by  any 
language  or  description  to  do  justice  to  the  extraordinary 
:grandeur  and  impressiveness  of  the  scene.  It  is  one  of  those 
that  must  be  visited  to  be  understood. 

Some  of  the  rivers  in  the  north-western  part  of  North 
America  are  also  remarkable  for  their  cataracts,  but  they  are 
little  known  and  less  visited.  The  Falls  of  Kakabika,  where 
a  torrent  of  water  broken  into  foam  leaps  precipitously  over 
lofty  cliffs  of  sandstone,  are,  perhaps,  the  most  remarkable. 


CHAFTEK   X. 

THE  PHENOMENA  OF  SNOW  AND  ICE. 

Wateb  in  the  gaseous  state,  or  vapoxir,  is  so  readily  dissemi- 
nated through  and  so  easily  held  in  air,  and  is  so  important 
and  even  essential  a  part  of  the  earth's  atmosphere,  that  it 
occupies  in  this,  as  well  as  in  the  liquid  state,  an  important 
and  definite  place  on  the  earth.  The  properties  of  ice  or 
solid  water,  howcTer,  differ  as  essentially  and  completely  from 
those  of  the  liquid  as  these  do  from  vapour,  and  in  physical' 
geography  it  is  necessary  to  consider  each  separately.  At 
present  let  us  consider  what  is  done  by  and  with  ice,  and  in' 
what  way  it  performs  its  task  on  the  earth.  In  another 
chapter  we  will  endeavour  to  trace  the  history  of  aqueous- 
vapour  in  the  atmosphere. 

Snow  is  a  form  assumed  by  solid  water  in  the  higher  parts- 
of  the  atmosphere.  It  is  one  of  the  most  beautiful  and  most 
curious  objects  in  nature,  and  above  a  certain  altitude,  even 
within  the  tropics,  it  is  formed  in  the  air  by  the  congelation  of 
vapour,  and  may  remain  permanent  in  considerable  quantity. 
When  perfectly  formed  in  very  still  air,  snow  is  not  a  mere- 
irregular  aggregate  of  ice  particles.  In  an  ordinarily  calm 
atmosphere  water  crystallises  in  hexagonal  stars.  From  a 
central  nucleus  six  spiculse  of  ice  radiate  with  perfect  regu- 
larity, and  between  each  two  spiculse  there  is  an  angle  of  60*. 
From  each  of  these  six  other  spiculse  of  smaller  size  are  throwni 
off,  always  at  the  same  angle,  and  so  again  others  proceed 
from  these  in  the  same  way.  They  are  like  the  petals  of  a. 
blossom,  but  exhibit  the  most  marvellous  variety,  although 
all  formed  by  a  repetition  of  the  same  details.  When  there- 
is  much  wind  the  snow  forms  in  small  pellets  about  the  size 
of  a  pin's  head.     These  are  hard   and  frozen,  and  drivea 


THE    PHENOMENA    OF   SNOW.  197 

jrapidly  and  far  by  the  wind.  Even  in  the  warmest  parts  of 
che  world,  and  where  there  are  no  mountains,  snow  is  formed 
in  the  air  at  groat  elevations,  owing  to  the  rapid  radiation  that 
takes  place  when  aqueous  vapour  is  carried  into  the  lighter 
«nd  expanded  parts  of  the  atmosphere.  Flakes  of  snow,  being 
cdne  times  more  expanded  than  water,  descend  thrice  as  slow, 
and  thus  there  is  a  tendency  of  snow  to  drift  into  hollows,  and 
bury  projecting  objects.  Natural  snowballs  are  sometimes 
iformed  by  the  attrition  of  snow,  owing  to  wind. 

The  position  of  the  snow  line,  or  the  height  above  which  water 
remains  permanently  solid  on  mountain  sides,  is  mentioned 
in  the  accounts  of  some  of  the  chief  mountain  chains,  in 
Ohapter  V.  In  all  parts  of  the  world  the  height  is  affected 
igreatly  by  local  circumstances,  and-  especially  by  the  extent  to 
which  warm  winds  modify  the  climate.  The  distance  from, 
the  sea  is  also  an  important  element.  The  snow  line  may,  in 
fact,  be  regarded  as  au  index  of  the  joint  thermometrio  and 
hygrometric  state  of  the  climate  at  any  given  spot,  and  of  the 
mutual  reaction  of  these  two  conditions.  Mere  latitude  is  only 
of  importance  within  certain  limits,  and  hardly  exerts  au  influ- 
ence when  the  difference  of  latitude  is  not  extreme. 

The  relative  position  of  the  snow-Hne  on  mountains  situated 
in  different  parts  of  the  world  is,  however,  not  without  impor- 
tance. Thus,  in  the  Peruvian  Andes,  it  exceeds  18,000  feet, 
and  at  EiUma-njaro  is  estimated  at  17,000  feet.  Both  these 
are  within  the  tropics.  On  the  other  hand,  in  the  Himalaya 
mountains  (l&t.  26°  N.),  the  snow  hue  is  about  18,000  feet 
on  the  north  side,  and  15,500  feet  on  the  south  side.  'In  the 
Andes  the  height  of  the  snow  line  under  the  equator  is  15,795 
feet,  but  in  Peru,  as  already  observed,  it  is  more  than  2,000 
feet  higher.  On  a  general  average  it  may  be  stated  at  about 
17,000  in  the  tropics,  and  whenever  it  is  higher  there  is  some 
local  and  exceptional  cause  for  the  phenomenon.  From  this 
altitude,  as  we  advance  northwards  and  southwards,  there  is  a 
.gradual  but  irregular  descent.  At  Copiapo,  in  the  Andes,  it  is 
13,800  feet,  near  Valparaiso  12,780  feet,  at  the  southern  end 
«f  the  Chilian  Andes  8,300  feet,  and  in  the  Straits  of  Magellan, 
lat.  53°  S.,  only  3,390  feet.  In  the  Altai  mountains,  in  lat. 
■50°  N.,  it  rises  to  7,000  feet.  In  the  Atlas  mountains  it  is 
«bove  13,000  feet  In  Sicily  it  is  above  10,000  feet.  In 
■the  Savoy  Alps  (Mont  Blanc)  the  limit  is  8,500  feet.  In 
Norway  it  is  less  than  4,000  feet,  and  dose  to  the  Aictia 
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Ocean  it  is  2,000  feet.  On  the  whole,  and  undei  similar  con- 
ditions with  regard  to  adjacent  land,  it  lowers  from  the  equates 
towards  the  poles,  resiching  about  2,000  feet  above  the  sea  as- 
it  enters  the  Arctic  Ocean.  It  must  not  be  supposed  that 
above  these  elevations  no  change  takes  place,  or  that  the  term. 
"  perpetual  snow  "  is  accurate.  Evaporation  takes  place  ra- 
pidly from  snow  and  ice,  although  they  never  pass  into  the- 
liquid  state.  The  extremities  of  a  glacier  by  no  means  mark, 
the  limits  of  perpetual  snow,  as  they  are  always  pushed  con- 
siderably below  it. 

Snow  falls  to  the  earth  in  winter  and  remains  for  a  time 
near  the  sea  level,  not  only  in  cold  countries,  but  in  some  cases,. 
though  exceptionally,  where  the  climate  is  generally  very  warm. 
It  also  remains  on  the  ground  for  a  considerable  time  (weeks- 
or  months)  in  many  places  where  the  climate  is  extreme, 
even  though  the  mean  annual  temperature  may  be  very  high. 
Thus,  at  New  York,  and  throughout  the  Atlantic  sea-boardl 
of  America,  in  latitudes  where  in  Europe  snow  is  rarely  seen, 
the  snow  is  almost  permanent,  so  far  as  winter  is  concerned. 
In  the  southern  hemisphere  there  is  seldom  snow  at  the  sea- 
level,  nearer  the  equator  than  the  48th  parallel  of  latitude ;, 
but  in  the  northern  hemisphere,  both  in  the  eastern  part  of 
the  old  world  and  the  eastern  side  of  America,  the  30th  paraUei 
is  reached.  On  the  western  side  of  the  old  world  the  same  is; 
the  case  exceptionally.  In  China,  snow  falls  at  Canton.  Oa 
the  opposite  shore  of  the  Pacific  Ocean  it  is  hardly  known  oa 
the  coast  below  48°.  In  England  and  western  Europe  it 
rarely  remains  long  on  the  ground,  or  forms  very  thick  accu- 
mulations. 

The  number  of  days  in  which  snow  falls  during  the  year 
varies,  as  might  be  supposed,  according  to  the  climate.  Thus, 
at  Rome  the  average  is  one  day  and  a  half,  and  at  Petersburg; 
one  hundred  and  seventy-one  days.  The  increment  is  very 
irregular.  In  England,  and  generally  on  the  western  shores^ 
of  Europe,  there  is  very  little  snow  compared  with  places  in. 
the  same  latitude  in  the  interior  of  the  continent.  Very  larget 
quantities  fall  on  the  east  coast  of  North  America,  in  latitudes, 
much  lower  than  those  of  places  in  Europe  where  frost  is  httle- 
known.  The  conditions  of  a  country  under  snow  are,  however, 
not  such  as  to  injure  vegetation,  for  it  is  a  bad  conductor  ot 
heat,  and  extreme  cold  is  never  felt  beneath  the  coating  that 
eccumulates  during  any  single  winter.     Snow,  as  it  usually 
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falls,  is  not  compact,  and  under  ordinary  circumstances  it  alters 
little  when  once  on  the  ground. 

Hail  consists  generally  of  a  nucleus  of  snow,  prohably  formed 
in  the  higher  regions  of  the  atmosphere,  and  coated  with  ice 
frozen  upon  it  as  it  descends  towards  the  earth.  Hail  almost 
always  falls  during  storms,  and  is  connected  with  considerable 
changes  in  the  state  of  the  atmosphere.  Hail-stones,  as  they 
fall,  often  become  frozen  together,  so  that  occasiondly  large 
angular  lumps  of  ice  reach  the  earth,  doing  great  damage  to- 
crops,  and  destroying  much  valuable  property.  The  paths  of 
great  hail-storms  are  often  very  distinctly  marked,  and  a  storm 
is  generally  found  to  be  extremely  narrow  in  proportion  to  its 
length.  A  very  destructive  storm  is  recorded  to  have  laid 
waste  a  narrow  belt  of  coufttry,  extending  between  the  south 
of  France  and  Holland,  traversing  this  distance  in  a  few  hours. 
On  either  side  of  the  hue  thus  drawn  the  mischief  was  extremely 
small.  A  shower  of  ice,  lasting  three  minutes,  fell  during  a 
thunder  storm  at  sea,  near  the  Cape  of  Good  Hope,  in  1860, 
the  fragments  of  ice  being,  some  of  them,  almost  as  large  as  a 
brick  and  shaped  irregularly.  The  thermometer  stood  at  70* 
during  the  squall. 

Hall  is  most  common  in  countries  not  far  from  mountains,^ 
but  not  necessarily  adjoining  very  high  land.  It  falls  most 
usually  during  summer,  and  at  or  near  the  hottest  part  of  the 
day.  It  is  very  rare  on  low  lands  within  the  tropics,  but 
common  at  a  height  of  a  couple  of  thousand  feet. 

Ice  is  a  substance  familiar  enough  to  the  inhabitants  of 
temperate  and  cold  climates,  and  one  whose  properties  are 
more  or  less  known  to  every  one,  but  the  result  of  ice  action  on 
the  globe  is  not  so  generally  appreciated  as  the  subject  deserves. 
It  well  deserves  a  special  and  careful  description. 

Among  the  remarkable  peculiarities  of  ice  is,  that  water  ex- 
pands about  one-eleventh  of  its  volume  in  the  act  of  congela- 
tion. This  is,  no  doubt,  the  result  of  a  peculiar  arrangement 
of  the  atoms  in  crystallising,  for  no  sooner  do  the  polar  forces 
begin  to  act,  and  solidification  commences,  than  the  atoms,  in 
placing  themselves  in  their  new  position,  leave  larger  spaces 
between  them  than  before  existed.  Whatever  be  the  cause  of 
this  curious  fact  (which  has  been  noticed  also  in  bismuth  and 
a  few  other  substances),  one  result  must  be,  that  pressure, 
instead  of  tending  to  solidify,  actijaUy  tends  to  prevent  soUdi- 
fication.    Thus  the  freezing  point  of  ice  or  solid  water  is  lowered 
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by  pressure,  and  ice  may  be  partially  liquefied  in  planes  per- 
pendicular to  pressure,  without  its  temperature  being  raised. 
Ice  does  not  so  readily  form  at  great  depths  of  water  below  the 
freezing  point,  where  the  pressure  is  j  greatest,  as  in  the  same 
water  near  the  surface. 

Ice  is  always  crystalline,  and  is  therefore  pure ;  taking  up  but 
little,  if  any,  of  the  various  substances  contained  in  the  water 
from  which  it  was  formed.  The  ice  of  salt  water  contains  no  salt 
and  no  air,  with  the  exception  of  such  bubbles  as  are  caught  up 
during  the  act  of  crystallisation.  It  has  already  been  pointed 
•out,  that  owing  to  its  property  of  expanding  during  consolida- 
tion, ice  is  lighter  than  water  not  yet  frozen,  and  thus  floats  on 
the  surface,  instead  of  sinking  to  the  bottom.  Being  itself  a 
very  bad  conductor  of  heat,  a  coat  id  ice,  once  formed,  tends  to 
keep  unfrozen  the  remainder  of  a  body  of  water  exposed  to 
intense  cold. 

Salt  water  requires  a  much  lower  temperature  than  fresh 
water  to  become  solid,  so  that  the  sea  is  not  frozen  except  in 
the  Arctic  and  Antarctic  Oceans  during  part  of  the  year.  The 
ice  formed  in  this  way  (called  pack-ice)  is  comparatively  an 
unimportant  part  of  that  which  produces,  or  has  produced,  a 
great  mechanical  result  on  the  earth.  The  greater  portion  oi 
this  latter  ice  is  derived  from  snow,  and  is  the  result  of  snow 
falling  on  land,  where  part  of  the  land  is  above  the  he^ht  at 
which  snow  remains  solid.  It  is  thus  limited  to  high  latitudes, 
and  it  is  clear  that  this  fact  excludes  the  possibility  of  any  im- 
portant ice-effects  being  produced  on  low  lands  in  the  tropics 
and  temperate  zones.  It  is,  indeed,  possible  that  the  land 
on  the  earth  might  be  so  arranged  that  no  perpetual  snow 
should  exist  out  of  the  oircumpolar  regions.  One  can  even 
conceive,  without  difficulty,  the  conditions  that  should  render 
large  accumulations  of  ice  altogether  impossible  on  the  earth's 
surface.  On  the  other  hand,  by  a  certain  disposition  of  the 
land  and  especially  of  mountain  chains,  it  might  be  possible 
to  ensure  perpetual  snow  from  the  poles  to  the  tropics. 

The  speculations  of  astronomers  on  this  subject  have  beeu 
alluded  to  in  a  previous  page.  It  is  there  shown  (p.  5),  that 
owing  to  periodic  changes  in  the  excentricity  of  its  orbit,  the 
earth  is  sometimes  for  a  long  period  much  nearer  the  sun  in 
one  part  of  its  course  than  at  another ;  and  also  that  the  earth 
and  sun  are  sometimes  more  distant  in  winter  in  the  northern 
or  land  hemisphere  and  neai-er  in  summer,  and  sometimes  the 
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converse.  The  result  of  this  on  the  distribution  of  heat  cannot 
4)ut  be  very  serious,  and  may  be  sufi&cient  to  account  for  the 
great  differences  of  chmate  in  distant  geological  periods. 

Very  extensive  tracts  of  the  earth,  both  land  and  sea,  near 
fthe  poles,  are  now  either  permanently  or  periodically  at  a  tem- 
perature below  that  of  the  freezing  point  of  water,  and  in  these 
districts  the  water  at  the  surface  remains  always  or  generally 
in  a  solid  form  as  ice.  But  the  sea  is  nowhere  solid  to  its 
bottom,  and  this  is  owing  partly  to  marine  currents,  but  partly 
■and  chiefly  to  the  fact  that  ice  is  lighter  than  water,  and  is  an 
•exceedingly  bad  conductor  of  heat. 

The  countries  for  some  distance  from  the  two  poles  of  the 
earth,  the  Arctic  and  Antarctic  Oceans  and  lands,  are  among 
those  where  ice  to  a  certain  extent  replaces  water,  but  the  dis- 
tance is  very  irregular,  partly  because  the  poles  of  cold  are  not 
the  poles  of  the  earth,  and  partly  because  the  winds  greatly 
modSfy  the  phenomena.  Besides  the  Polar  regions,  there  are 
also  extensive  mountain  tracts  above  the  limit  of  perpetual 
congelation,  but  these  have  been  already  alluded  to. 

In  the  North  Polar  sea  it  has  always  been  believed  that 
there  exists  open  water,  either  permanent,  or  for  a  great  part 
of  the  year,  near  the  actual  pole  of  the  earth ;  but  up  to  the 
present  time  this,  has  not  been  distinctly  proved.  The  land 
consists  of  islands,  some  of  large  size,  each  of  which  serves  as 
-a  nucleus  for  ice ;  and  as  some  of  the  land  is  elevated,  there  is 
here  every  opportunity  for  the  ice  to  accumulate.  About  fifteen 
miles  north  of-lhe  Russian  islands  of  Kotelnoi  and  New  Siberia 
{situated  between  74<»  30'  and  76"  10'  N.  latitude,  and  about 
140°  E.  longitude),  according  to  Admiral  Von  Wrangel  and 
other  Russian  travellers,  the  open  sea  extends  in  a  more  or 
less  direct  line  for  a  long  distance.  On  the  land,  however, 
the  cold  is  very  intense,  the  thermometer  in  winter  generally 
falling  at  least  50°  below  the  zero  point  of  Fahrenteit  as  the 
minimum.     These  countries  are  not  uninhabited. 

In  the  Antarctic  circle  there  would  appear  to  be  both  more 
land  and  more  ice.  The  land  is  lofty,  and  has  rarely  been 
approached, — never  actually  touched.  It  would  seem  certain 
that  the  extent  of  high  land  is  such  that  the  ice  extends  down 
to  lower  latitudes,  and  has  few  if  any  breaks  by  which  ships 
can  enter.  In  all  these  cases  the  snow  line,  though  it  may 
-not  actually  reach  the  waters  edge,  extends  practically  beyond 
the  coast 
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The  extreme  points  reached  by  navigators  are  much  farther 
from  the  Pole  in  the  Antarctic  than  in  the  Arctic  Ocean.  The- 
nearest  approach  was  by  Capt.  Boss,  in  1841,  when  he  attained 
lat.  780  10'  S.,  in  long.  161o  27'  W.  The  land  rose  in  lofty 
mountain  peaks,  covered  with  snow,  from  the  sea.  Further 
progress  was  prevented  by  pack-ice. 

The  snow  that  falls  in  any  one  spot,  even  on  the  highest 
mountain,  is  not  reaUy  perpetual.  l)uring  winter,  in  certain, 
situations,  snow  falls  very  frequently,  and  in  large  quantity. 
During  summer,  enormous  quantities  of  it  are  always  evapo- 
rated or  melted.  But  this  action  is  not  everywhere  reciprocal.- 
Below  a  certain  line,  all  that  falls  is  melted.  Above  that  line^ 
the  melting  is  not  equal  to  the  fall,  and  at  the  end  of  the  year- 
a  residue  exists.  It  must  be  manifest,  that  the  line  is  subject 
to  change  in  different  seasons,  but  only  within  certain  limits. 
Above  this  line,  there  must  be  a  constant  tendency  to  accumu- 
late snow,  and  if,  for  example,  a  layer  of  three  feet  is  added' 
each  yfear  to  the  mass,  this,  in  the  course  of  a  few  thousand 
years,  would  completely  bury  the  mountain,  and  rise  far  above 
its  summit.  No  such  accumulation  takes  place ;  but  to  prevent 
it,  there  must  be  some  means  beyond  evaporation  and  the 
melting  due  to  the  summer  heat.  Among  these  means  are 
avalanches,  or  falls  of  snow  rushing  down  steep  slopes  into  the 
vaUeys  below,  and  melting  when  carried  below  the  snow  line.. 
But  there  is  still  another,  and  a  far  more  quiet,  regular,  and 
efficacious  mode  of  relieving  the  mountains  from  their  load  of 
solid  water.  As  one  layer  rests  on  another,  the  deeper  por- 
tions of  the  snow  become  squeezed  and  consolidated, — the  air 
is  pressed  out,  and  the  already  frozen  particles  in  contact  with 
each  other,  aggregate,  and  become  ice.  The  mode  in  which, 
by  a  little  rolling  and  squeezing,  a  snowball  is  first  made,  and' 
then  enlarged,  is  familiar  to  every  school-boy.  The  pressure 
being  increased,  the  snowball  becomes  solid,  though  still  ad- 
mitting of  a  certain  yielding  to  further  pressure.  So  soon,. 
then,  as  a  large  quantity  of  snow  has  collected  in  some  recess, 
such  as  a  valley  above  the  snow  line,  the  lower  portions  are 
squeezed,  and  carried  down  the  valley,  creeping  on  slowly  but 
inevitably,  and  combining  a  motion  of  the  snow  among  its  own 
particles  with  a  general  travelling  down  of  the  whole  mass.  If 
the  general  bed  slopes  downwards,  but  is  uneven  and  irregular, 
the  whole  mass  will  move  over  the  irregularities,  rising  over- 
and  tending  to  grind,  scar,  furrow,  and  carry  away  whatever 
comes  in  its  way,  and  often  polishing  the  hardest  stones  by  the 
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combined  action  of  the  frozen  snow,  and  the  sand,  stones^ 
and  rocks  that  gradually  become  buried  in  it.  Generally,  the^ 
tongue  of  ice  that  descends  below  the  snow  line,  melts  away  be- 
fore it  has  advanced  very  far,  and  thus  the  balance  is  kept  up. 
Not  unfrequeutly,  however,  in  certain  mountain  districts,  larger 
and  deep  valleys  receive  the  masses  thus  sent  down  ;  in  these- 
valleys  they  become  yet  more  consolidated  ;  several  streams  of 
ice  meet  together,  and  the  whole  moves  onwards,  for  a  great 
distance,  at  a  slow  but  measurable  pace,  imitating  closely  the- 
motions  of  a  river,  and  conveying  the  combined  mass  far  away 
from  the  mountain  valley  in  which  the  snow  fell  to  which  they 
were  due.  Here,  also,  the  ice  is  carried  forwards  until  the  con- 
sumption and  waste  below  equal  the  supply  from  above,  and  at 
this  point  a  stream  of  water  commences.  It  may  be  only  a- 
few  hundred  yards,  or  it  may  be  twenty  miles  below  the  sum- 
mer snow  line,  that  we  have  permanent  ice.  Above  the  snow 
line,  both  in  summer  and  winter,  there  is  always  snow  on  the- 
surface  and  ice  below.  The  portion  below  the  snow  line  be- 
comes a  glacier,  and  the  part  above  the  snow  line  is  called  neve, 
(in  German,  Fh-n).     The  neve  is  the  feeder  of  the  glacier. 

Neve  is  formed,  and  the  structure  of  glacier  ice  obtained  by 
the  following  process.  The  snow  having  fallen,  and  become 
drifted,  the  action  of  the  sun  on  the  mass  of  snow  dust  and< 
crystals  partially  melts  them,  and  causes  them  to  form  intO' 
larger  grains,  which  become  further  compacted  and  frozen- 
together  during  the  next  interval  of  cold.  When  the  interval 
is  long  between  two  falls  of  fresh  snow,  this  change  is  con- 
tinued far  down  into  the  first  fall ;  and,  on  the  other  hand,  the*, 
sooner  a  fresh  layer  falls,  and  covers  up  the  former,  the  more- 
imperfect  vrill  be  the  conversion,  and  the  less  compact  the 
neve.  In  the  course  of  years,  however,  the  neve  increases,  by 
successive  strata,  until  the  whole  mass,  pressed  downwards  by 
a  considerable  weight,  is  thoroughly  compacted,  and  converted' 
into  glacier  ice.  It  also  becomes  cracked  and  fissured,  oftert 
to  a  great  depth. 

The  essential  condition  for  a  glacier  is  the  existence  of  some- 
ravine  or  valley,  at  sufficient  height  on  a  mountain  side,  and- 
at  such  a  slope,  as  to  allow  of  the  accumulation  of  neve  to  such 
an  extent,  that  its  weight  can  force  down  the  whole  mass  into- 
the  valleys  below,  where  the  ice  brought  will  be  melted.  The 
whole  moves  together,  but  neither  in  the  way  of  a  solid  or 
fluid.    It  moves  more  or  less  slowly,  according  to  the  condi- 
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tions  to  which  it  is  exposed.  The  central  part  moves  most 
rapidly:  the  whole  moves  faster  in  summer  than  in  winter. 
But  the  motion  is  slow.  A  few  inches  per  day  is  not  unusual, 
and  it  is  rare  that  the  most  rapid  progress  exceeds  two  or  three 
feet.  The  cold  of  vfinter  penetrates  but  a  short  depth  below 
'the  surface,  and  thus  the  motion  continues  all  the  year  round, 
though  accelerated  in  summer. 

Occasionally,  there  are  glaciers  of  which  the  neve  is  imper- 
fectly formed.  They  reach  steep  slopes,  and  yet  move  but 
little.     They  rather  slide  like  solids,  than  move  with  the  plas- 

■  ticity  of  characteristic  glaciers. 

Glaciers  are  rent  through  by  deep  and  numerous  fissures, — 
most  numerous  and  widest  in  summer,  but  constantly  closing 
up  and  re-formed.  Streams  of  melted  ice,  running  along  the 
surface  during  summer,  are  received  into  these  crevices  and 
•escape.  An  enormous  loss  of  the  upper  part  of  the  glacier 
takes  place  every  year,  and  the  lower  parts,  with  their  con- 
tents, are  constantly  brought  to  the  surface.  As  a  vast  quan- 
tity of  fragments  of  rock  are  received  on  the  ice,  these  are  at 
length  laid  bare;  and  thus  are  produced  those  streams  of 
stones  and  gravel  known  as  moraines. 

Of  such  a  nature  are  the  masses  of  ice  that  are  accumulated 

■  in  many  of  the  higher  valleys  of  the  Alps  and  of  other  moun- 
:tain  chains.  When,  however,  a  glacier  runs  down  so  far  as  t« 
reach  and  enter  the  sea  without  melting,  although  it  may  con- 
tinue to  advance  through  the  water,  its  mass,  which  is  lighter 
than  the  corresponding  bulk  of  sea  water,  must  at  last  break 

.away,  rise  to  the  surface,  and  float  off.     In  this  state  it  is  an 

■iceberg. 

It  is  very  important  that  the  student  should  be  familiar  with 

-the  phenomena  of  ice  in  order  to  understand  the  effect  of  gla- 
<!iers  and  icebergs  on  the  earth's  surface.  If  we  follow  the 
course  of  one  of  the  great  glaciers  of  the  Alps,  we  shall  find 
that  several  tributaries  help  to  form  one  great  glacier.  Both 
the  smaller  and  principal  valleys  are  often  tortuous,  and  the 
tributaries  not  only  change  their  direction,  but  mingle  their 

-currents  to  form  the  ultimate  mass.  The  glacier  must  often 
(force  its  way  through  narrow  gorges,  and  sometimes  may  be 

:j)ushed  over  large  open  spaces,  and  even  over  rising  ground. 
Everywhere  it  must  overcome  or  overpass  the  natural  obstacles 

ithat  lie  on  the  surface  in  mountain  countries.     The  total  mo- 

'tion  of  the  most  rapid  part  may  not  exceed  an  inch  an  hour.— 
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it  may  not  be  more  than  a  few  inches  per  day ;  but  the  motion-, 
follows  the  same  laws  as  that  of  a  river,  the  line  of  greatest' 
rapidity  changing  from  one  side  to  the  other,  as  the  form  of 
the  valley  requires, — the  whole  mass  sometimes  accumulating: 
or  seeming  to  accumulate  in.  tranquil  places,  but  the  central 
part  always  moving  on  and  dragging  the  sides  with  it. 

In  popular  language,  it  has  often  been  said  that  the  motiotti 
of  the  glacier  as  it  descends  is  like  that  of  a  tenacious  fluid.. 
But,  strictly  speaking,  this  language  is  incorrect ;  for  all  vis- 
cous fluids  move  like  treacle  or  tar,  and  in  adapting  them- 
selves to  irregularities  of  surface  they  act  precisely  as  other- 
fluids.  Ice  is,  however,  a  solid,  and  is  not  capable  of  this.. 
In  the  place  of  it  there  is  a  peculiar  physical  property  pos- 
sessed by  sohd  water  to  which  this  accommodating  faculty  is; 
owing.  It  arises  from  the  property  of  regelation, — a  property 
familiar  enough  and  easily  illusti-ated  by  experiment,  and  one 
of  very  considerable  importance  in  nature.  It  is  illustrated 
by  the  fact,  that  if  two  flat  surfaces  of  ice  are  brought  in  con- 
tact, the  two  surfaces  at  once  freeze  together  and  become  solid. 
Faraday  has  shown,  that  if  a  number  of  pieces  of  ice  are  floated 
in  a  basin,  then,  if  one  piece  touches  another,  if  only  at  a  single- 
point,  they  become  attached ;  and  thus  a  train  of  such  pieces- 
may  be  formed,  one  dragging  all  the  rest.  If  in  such  an  ex- 
periment a  bend  is  made,  the  chain  is  hroken,  but  as  quickly 
re-cemented.  "  Thus,  a  wheel  of  ice  might  be  caused  to  roll' 
on  an  ice  surface,  the  contacts  being  incessantly  ruptured  with 
a  crackling  noise,  and  others  as  quickly  established  by  regela- 
tion."* It  is  well  known,  that  the  mere  squeezing  of  snow 
granules  by  the  foot  produces  rigidity  and  makes  a  solid  bridge, 
for  without  this  property  it  would  often  be  impossible  for  the- 
mountaineer  to  advance,  when  ascending  lofty  snow-covered 
mountains  or  crossing  fissures  in  glaciers.  It  is  easy  to  pro- 
duce any  form  in  solid  compact  ice  by  squeezing  it  into  moulds 
— a  result  entirely  due  to  this  process  of  regelation. 

When,  then,  a  mass  of  snow  is  compressed  vertically  and 
pushed  laterally  by  its  own  weight  as  it  descends  some  ravine, 
it  is  not  difiBcult  to  understand  that  this  power  of  regelation- 
or  freezing  into  some  new  form  immediately  after  being  broken, 
^oes  in  fact  simulate  the  behaviour  of  a  viscous  fluid.  But,, 
iowever  capable  of  adapting  itself  to  the  exact  form  of  the  ra- 

•  «TjmdaU'sHeat,"p.l86. 
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•vine  or  valley  through  which  it  is  forced  by  its  own  weight  t9 
■pass,  it  is  still,  at  every  instant  of  its  existence  as  a  glacier,  a 
-solid  body,  behaving  in  every  respect  as  a  solid  on  the  rocks 
l)etween  or  over  which  it  passes.  Loaded  with  rocks  and 
-stones  brought  down  by  the  action  of  the  weather  from  the 
^higher  parts  of  the  mountains,  it  exerts,  partly  by  the  aid  of 
these  and  partly  by  its  own  weight  and  friction,  an  enormous 
■mechanical  power  over  the  rocks  in  its  progress.  This  may 
ite  recognised  along  the  path  of  a  glacier  that  is  now  threading 
Its  way  down  a  valley.  But  it  is  yet  more  clearly  seen  in  re- 
ference to  ancient  and  much  larger  glaciers,  that  once  coursed 
•down  these  valleys  and  entered  the  plains  below.  "  Go,  for 
-example,  to  the  glacier  of  the  Aar,  in  the  Bernese  Alps,  and 
•observe  its  present  performances  ;  look  to  the  rocks  upon  its 
•Hanks  as  they  are  at  this  moment  rounded,  polished,  and  scarred 
by  the  moving  ice.  And  having  by  patient  and  varied  exer- 
'Cise  educated  your  eye  and  judgment  in  these  matters,  walk 
'-down  the  glacier  towards  its  end,  keeping  always  in  view  the 
'■evidences  of  the  glacier's  action.  After  quitting  the  ice,  con- 
tinue your  walk  down  the  valley  towards  the  Grimsel;  you 
■see  everywhere  the  same  unmistakeable  record.  The  rocks 
-which  rise  from  the  bed  of  the  valley  are  rounded  like  hogs' 
'^acks ;  these  are  the  roches  moutonnes  of  Charpentier  and 
Agassiz ;  you  observe  upon  them  the  larger  flutings  of  the 
■iice,  and  also  the  smaller  scars  scratched  by  pebbles,  which  the 
■rglacier  held  as  emery  on  its  under  surface.  All  the  rocks  of 
the  Grimsel  have  been  thus  planed  down.  Walk  down  the 
"valley  of  Hasli  and  examine  the  mountain  sides  right  and  left; 
■without  the  key,  which  I  now  suppose  you  to  possess,  you 
-would  be  in  a  land  of  enigmas ;  but  with  this  key  all  is  plain : 
you  see  everywhere  the  well-known  scars,  and  flutings,  and 
furrowings.  In  the  bottom  of  the  valley  you  have  the  rocks 
'filed  down  in  some  places  to  dome-shaped   masses,  and  in 

■  others  polished  so  smooth  that  to  pass  over  them,  even  when 
the  inclination  is  moderate,  steps  must  be  hewn.    All  the  way 

■  down  to  Meyringen,  and  beyond  it,  if  you  wish  to  pursue  the 
■enquiry,  these  evidences  abound.     For  a  preliminary  lesson  in 

■  the"  recognition  of  the  traces  of  ancient  glaciers,  no  better 
'iground  can  be  chosen  than  this. 

"  Similar  evidences  are  found  in  the  valley  of  the  Rhone ; 
you  may  track  them  through  the  valley  for  80  miles,  and  lose 
them  at  length  in  the  lake  of  Geneva.    But  on  the  flanks  of 
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the  Jura  at  the  opposite  side  of  the  Cantx)n  de  Vaud,  the  evi- 
dences re-appear.  All  along  these  limestone  slopes  you  h&vT 
fltrewn  the  granite  boulders  of  Mont  Blanc.  Right  and  left^ 
also,  from  the  great  Rhone  valley,  the  lateral  valleys  show 
that  they  were  once  held  by  ice.  On  the  Italian  side  of  the 
Alps  the  remains  are,  if  possible,  more  stupendous  than  on  the 
northern  side.  Grand  as  are  the  present  glaciers  to  those 
•who  explore  them  in  all  their  lengths,  they  are  mere  pigmies 
in  comparison  with  their  predecessors." — [Tyndall's  "  Heat," 
4inte  cit.] 

Inexhaustible  reservoirs  of  water;  the  glaciers  from  the  great 
mountain  chains,  are  the  sources  of  the  largest  rivers  of  Europe 
and  Asia,  such  as  the  Rhine,  the  Rhone,  the  Po,  the  Garonne, 
the  Ganges,  the  Indus,  &c.  All  these  streams  increase  in 
volume  during  summer,  as  the  ice  melts.  Besides  this  impor- 
tant work,  the  glaciers  of  the  polar  countries  have  great  influ- 
ence on  the  temperature  and  climate  of  the  world.  There  are 
two  varieties :  one  class  remaining  suspended  in  hollows  on 
the  mountain  summits,  the  other  descending  into  the  valleys 
and  encroaching  on  cultivation.  The  former,  small  in  tempe- 
rate climates  on  high  mountains,  are  important  in  high  latitudes. 
Nowhere  do  they  become  of  enormous  extent  and  yield  icebergs. 
The  latter  are  the  glaciers  best  known  and  most  frequently 
•described. 

In  the  Alps,  the  glaciers  entering  valleys  are  of  large  dimen- 
sions. The  Mer  de  Glace  is  7J  miles  long,  the  glacier  of 
Aletsch  1 6  miles  long  and  1|  miles  broad.  The  latter  descends 
from  13,000  to  nearly  4,000  feet  above  the  sea.  The  glacier 
of  the  Aar,  much  smaller,  being  only  5  miles  in  length,  is  esti- 
mated to  contain  75,000  millions  of  cubic  feet  of  ice. 

In  the  Himalayas,  the  glaciers  descend  only  to  about  9,859 
feet  above  the  sea,  but  their  dimensions  are  very  large.  That 
of  Baltoro  is  36  miles  long  and  between  2  and  3  miles  wide. 
That  of  Biafo  is  64  miles  long.  These  vast  rivers  of  ice  rise 
from  the  higher  valleys  of  mountains,  compared  with  which 
the  Alps  are  mere  hills.  The  great  Mustakh  glacier,  visited 
and  measured  trigonometrically  by  Capt.  Godwin  Austen,  is 
36  miles  in  length,  and  is  one  of  the  sources  of  the  Indus. 

The  Caucasus  also  contains  glaciers  of  importance,  but  they 

do  not  descend  so  low  as  those  of  Switzerland  and  Savoy. 

fhey  exhibit  all  the  usual  features,  and  give  rise  to  consider- 

able  but  little-known  rivers.. 

The  Scandinavian  peninsula  has'  glaciers  on  a  grand  scale. 
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That  of  Lodal,  61°  N.  lat.,  is  5 J  miles  loug,  2,500  feet  ia 
breadth,  and  terminateB  only  at  1 ,900  feet  above  the  sea.  One' 
of  the  great  Norwegian  glaciers  proceeds  from  a  mountain  les»- 
than  5,400  feet  in  height.  In  Iceland  and  Jan  Mayeu's  land 
the  glaciers  reach  the  sea,  and  at  Spitzbergen  they  advance  con- 
siderably beyond  the  coast  line,  the  mountain  peaks  rising  out 
of  ice  as  from  the  sea.  The  same  is  the  case  in  Greenland, 
where  the  ice  covers  large  tracts  of  country.  Along  the  shores- 
of  the  Polar  seas,  and  in  islands  in  those  seas,  there  is  always 
ice  on  a  very  large  scale ;  and  in  some  cases  vegetation  has 
taken  place  on  its  surface. 

In  Northern  Asia,  we  find  glaciers  in  Eamtschatka,  but  none 
on  the  shores  of  Siberia.  At  Nova  Zembla  they  are  abundant. 
Their  absence  on  the  Siberian  shores  of  the  Arctic  Ocean  is  a^ 
remarkable  fact. 

In  the  Southern  seas,  the  whole  of  the  Antarctic  land  has- 
hitherto  been  found  imapproachable,  owing  to  the  large  quan- 
tity of  ice  extending  from  it.  In  Tierra  del  Fuego  glaciers  are 
found,  and  in  the  south  of  Chili  they  reach  the  sea.  Very 
extensive  glaciers  exist  in  New  Zealand,  where  the  high  moun- 
tains exceed  13,000  feet,  and  the  glaciers  descend  to  within 
about  4,000  feet  above  the  sea.  The  Tasman  glacier  is  12^ 
miles  in  length  and  nearly  2  miles  across. 

There  is  often  evidence  of  the  former  extension  of  glaciers 
to  distances  very  much  beyond  their  present  extreme  point ;  and 
in  some  parts  of  the  world,  where  ice  is  now  rarely  seen,  glacial 
phenomena  may  be  traced.  In  the  republic  of  New  Granada,, 
latitude  12°  N.,  and  in  Brazil,  glaciers  are  believed  to  have 
once  reached. 

It  has  long  since  been  noticed  that  in  many  districts  where 
now  there  is  no  perpetual  ice,  and  where  even  snow  itself  is  » 
rarity,  there  are  marks  on  the  surface  of  the  ground  precisely 
similar  to  those  produced  by  glacier  action.  That  glaciers  are- 
powerful  agents,  both  in  breaking  up  and  carrying  away  rocks 
of  various  sizes  and  every  degree  of  hardness,  there  is  no 
doubt.  That  when  the  ice  is  melted  the  rocks  and  fragments 
are  left  behind,  if  too  heavy  to  be  transported  by  the  current 
of  running  water  that  replaces  the  glacier,  is  equally  certain. 
When,  therefore,  we  find  in  the  great  valley  of  Switzerland,. 
or  on  the  simny  plains  of  Lombardy,  indications  of  the  presence 
of  ice  precisely  identical  with  those  met  with  on  the  sides,  or 
«lose  to  the  extremity  of  repent  glaciers,  it  is  unreasonable  to 
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resist  the  conclusion,  that  ice  has  once  been  present  there  also, 
and  that  there  are  extinct  glaciers,  as  we  know  there  are  ex- 
tinct volcanoes. 

But  it  is  not  only  near  the  mountains  where  glaciers  may 
still  be  studied  that  we  find  proof  of  the  former  action  of  ice, 
in  places  where  no  ice  is  now  seen.  Similar  appeai-ances  may 
be  studied  in  the  hills  of  Cumberland,  Wales,  Scotland,  and 
Ireland.  Where  there  has  been  a  long  exposure  to  weather 
in  a  climate  like  om-s  the  finer  scratches  on  the  rocks  have 
disappeared,  but  the  peculiarities  of  form  produced  by  the 
grinding  action  of  moving  ice  has  been  preserved.  When  in 
such  cases  the  rocks  are  covered  by  vegetable  soil,  if  we 
remove  this  soft  covering  we  may  often  find  even  the  stria 
preserved,  and  the  surface  scarred  as  deeply,  and  polished  as 
perfectly,  as  those  polished  and  furrowed  on  the  flanks  of  the 
Alpine  mountains.  In  Cumberland,  Scawfell  and  Borrow- 
dale  exhibit  abundant  indications  of  ancient  ice  in  roches 
moutonnes  and  blocs  perches.  And  so,  also,  in  North  Wales, 
all  round  Snowdon,  the  same  things  may  be  observed,  whilfe 
in  ihe  south-west  of  Ireland,  near  Killarney,  there  is  evidence 
that  the  ground  now  occupied  by  the  lake  was  once  covered 
by  a  glacier,  every  islet  that  exists  being  even  still  recog- 
nisable as  a  glacier  dome  The  whole  of  northern  Europe 
and  North  America  abound  vrith  proofs  of  the  same  action. 
Everywhere  ice  has  been  at  work,  for  the  most  part  proceed- 
ing from  mountains  near  at  hand  covered  with  snow,  when 
the  snow  line  was  much  nearer  the  sea  than  it  now  is,  and 
with  snow  converted  into  long  tongues  of  ice  stretching  out  in 
every  direction,  and  producing  the  flat  denuded  surface  so 
familar  and  characteristic  of  those  regions.  Very  far  south 
the  lands  of  Europe,  and  even  of  Asia  Minor,  at  a  time 
geologically  almost  recent,  have  been  subject  to  the  passage  of 
ice  across  them,  for  it  has  been  determined  that  even  the 
celebrated  cedars  of  Lebanon  grow  upon  ancient  glacier 
moraines. 

But  we  have  spoken  of  icebergs  as  well  as  glaciers.  When 
in  high  latitudes  a  glacier  enters  the  sea  and  is  broken  oiT,  it 
floats  away  in  very  cold  water,  and  being  conveyed  along  by 
marine  currents,  may  be  carried  for  hundreds  or  even  thousands 
of  miles  through  the  ocean.  Icebergs  vary  in  size  from  a  few 
yards  to  many  miles  in  circumference,  and  in  height  above 
the  water  from  a  few  yards  to  several  hundred  feet.     For 
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every  foot  above  water  there  are  from  8  to  10  feet  below  the 
surface,  and  thus  many  of  these  masses  may  be  stranded  on 
submarine  plateaux  a  thousand  fathoms  deep.  Over  these 
they  must  be  occasionally  dragged  for  some  distance,  owing  to 
the  enormous  momentum  of  a  mass  of  moving  ice  of  millions 
of  tons  weight.  Their  burden  of  stones  and  sand  must  be  left 
behind  when  the  ice  has  melted.  Dr.  Scoresby  counted  on 
one  occasion  in  the  icy  seas  500  icebergs  setting  out  on  their 
voyage.  As  many  as  300  have  been  passed  by  a  steamer  cross- 
ing the  Atlantic.  They  are  also  very  numerous  in  the  South 
Pacific. 

It  has  been  supposed  that  icebergs  proceed  from  the  extre- 
mities of  glacier  valleys  in  lofty  mountain  chains,  and  that  the 
extremity  or  tongue  of  the  glacier  projects  into  the  sea  till 
broken  off,  in  consequence  of  the  lower  specific  gravity  of  ice 
compared  with  sea  water.  Dr.  Eink,  who  has  long  inhabited 
Greenland,  whence  the  great  icebergs  that  float  into  the  Atlantic 
take  their  origin,  considers  that  they  proceed  from  an  enormous 
extent  of  table  land,  not  of  great  elevation,  but  entirely  covered 
with  ice,  concealing  the  river  beds  and  masking  all  the  physical 
features.  Such  a  tract  exists  in  north  Greenland,  where  there 
is  an  area  of  30,000  square  miles,  having  a  broken  coast-line, 
scarcely  peopled  and  barely  accessible,  and  of  an  elevation  of 
upwards  of  2,000  feet,  which  is  about  the  limit  of  perpetual  snow 
within  the  Arctic  circle.  The  great  mass  of  inland  ice  formed 
on  this  land  descends  through  deep  friths  and  over  the  irregular 
surface  of  the  lower  land,  often  breaking  up  and  re-forming  as 
it  advances,  and  at  length  entering  the  sea.  The  breaking-ofi 
produces  a  concussion  that  is  sometimes  felt  at  sea  at  a  dis 
tance  of  sixteen  miles,  and  does  not  take  place  at  or  near  the 
coast.  It  is  probable  that  no  icebergs  of  any  size  have  proceeded 
from  glaciers,  in  the  ordinary  sense  of  the  word,  but  that  they 
are  results  of  an  ice-cap  like  that  just  alluded  to,  which  ex- 
tended almost  without  interruption  over  the  low  mountain  ranges 
of  Scandinavia,  Scotland,  Cumberland,  Wales,  Ireland,  and  even 
central  France,  connecting  the  Polar  ice  with  that  proceeding 
from  the  Alps  during  the  glacial  period  of  geologists. 

Icebergs  are  frequent  in  those  parts  of  the  Atlantic  where 
they  cross  the  paths  of  ships  proceeding  to  and  from  America, 
but  they  are  not  often  seen  to  advantage,  owing  to  the  conden 
sation  of  vapour  and  formation  of  constant  mist  around  them. 
Their  presence  can  very  generally  be  told  in  the  Atlantic  by 
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■steady  observation  with  the  thermometer,  and  as  they  are  ex- 
tremely dangerous,  the  careful  navigator  watches  for  and  evades 
"them.  It  is  only  in  the  late  spring  months,  when  the  ice  is 
.partly  melted,  that  they  descend  in  large  numbers  to  low  lati- 
tudes. In  the  southern  hemisphere  they  reach  ten  degrees 
•nearer  the  equator  than  in  the  northern. 

Icebergs  seen  under  favourable  circumstances,  and  without 
'mist,  appear  to  have  steep  cliffs  with  a  glittering  surface  of  an 
•einerald  green  tint,  and  pools  of  water  often  he  on  their 
surface,  or  are  projected  in  cascades  into  the  sea.  They  are 
•constantly  changing  in  form,  melting  generally  with  great 
rrapidity,  both  below  and  above  the  water  line,  so  that  their 
■centre  of  gravity  is  perpetually  shifting.  Occasionally  they 
topple  and  fall  over,  and  if  too  near,  are  hkely  to  be  dangerous 
to  ships,  owing  to  the  enormous  displacement  of  water  that 
(then  takes  place.  It  is,  however,  not  very  frequently  that  the 
state  of  the  atmosphere  is  such  as  to  allow  icebergs  to  be  seen 
At  a  distance,  and  no  ship  would  approach  them  knowingly  and 
willingly.  It  has  happened  in  the  Atlantic  that  large  steamers 
have  fallen  in  with  groups  of  icebergs  in  which  they  have  be- 
icome  entangled,  and  from  which  they  have  only  escaped  with 
^eat  difficulty.  Other  ships,  whose  history  has  never  been 
£nown,  have  no  doubt  been  destroyed  by  the  too  close  contact 
■of  these  monsters  of  the  deep. 

There  is  another  and  a  very  curious  group  of  phenomena  in 
■which  ice  makes  it  appearance,  and  which  may  be  more  widely 
extended  than  has  yet  been  proved :  it  is  the  existence  of  natural 
'ice-caves,  called  glacieres,  known  to  exist  in  the  Vosges,  Dau- 
|)hine  and  Savoy,  in  mountain  districts,  but  quite  unconnected 
with  glaciers  or  snow  mountains,  and  far  below  the  level  of 
jglaciers  not  far  off.  These  caves  vary  in  depth  from  50  to  200 
■feet  below  the  surface ;  they  are  of  great  size,  and  they  contain 
permanently  very  large  quantities  of  ice  in  a  peculiar  prismatic 
-state,  perfectly  clear  and  transparent,  and  often  in  masses  of 
the  most  beautiful  or  grotesque  forms.  It  has  been  supposed 
-that  in  these  caverns  the  heavy  cold  air  of  winter  fails  to  be 
■displaced  during  summer  by  the  warmer  air  above ;  and  thus, 
when  ice  is  once  formed,  it  retains  in  the  cavern  the  low  tem- 
iperature  necessary  to  preserve  it  from  melting. 

There  is  no  doubt  that  ice  must  have  covered  a  large  part 
flf  the  northern  hemisphere  during  the  late  tertiary  period. 
Abundant  evidence  of  this  is  to  be  found  on  the  rocks  that 
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have  been  ground,  polished,  and  scratched,  while  the  s>aeet  of 
ice  was  being  dragged  or  pushed  over  them.  The  whole  of 
northern  Europe,  and  probably  of  northern  Asia  and  North 
America,  to  latitudes  below  those  of  the  great  chain  of  thpi 
lakes,  have  been  included  under  this  icy  shroud.  In  earlier 
times  there  would  seem  also  to  have  been  periods  of  cold 
admitting  of  glaciers,  although  the  evidence  adduced  is  hardly 
sufficient  at  present  to  justify  an  absolute  conclusion  to  that 
effect.  This  is  partly  owing  to  the  long  lapse  of  time  and  the 
enormous  amount  of  denudation.  It  is,  however,  certain  that 
gravels  of  certain  kinds,  including  angular  boulders  such  as 
are  now  characteristic  of  glaciers,  are  met  with  in  rocks  of 
ancient  date.  Smooth  and  striated  surfaces  of  rock,  apparently 
scratched  by  the  passage  of  heavy  masses  over  them,  and  some 
other  phenomena  of  like  nature,  are  also  among  the  illustra- 
tions that  have  been  brought  forward  in  proof  of  the  assumption 
of  ancient  glacial  action.  Daring  the  deposit  of  the  Permian 
rocks,  and  while  parts  of  the  Old  red  sandstone  were  being 
accumulated,  glaciers  may  have  overspread  Europe. 

Of  late  years  there  has  been  a  tendency  to  assume  the  pro- 
bability of  one  uniform  coating  of  ice  having  formed  a  kind  of 
ice-cap  over  all  the  northern  lands  of  the  earth,  similar  in 
some  respects  to  what  seems  to  be  the  case  with  the  planet 
Mars.  This  is  not  the  place  to  discuss  a  question  so  purely 
geological,  but  it  is  worth  while  to  call  the  attention  of  the 
reader  to  it,  as  suggesting  a  relation  between  the  past  history 
of  our  earth  and  the  existing  physical  condition  of  a  planet 
'losely  resembling  our  own  in  many  respects,  and  one  of  our 
next  neighbours  among  the  larger  bodies  of  the  solar  system. 
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Of  the  water  that  fulls  on  the  earth  as  rain,  we  have  seen  that 
■6,  certain  part  runs  off  the  surface  by  rivers  into  the  sea,  or  is 
■evaporated  back  again  into  the  atmosphere  within  a  very  short 
time.  The  remaining  part  disappears.  It  passes  into  the 
•earth's  crust,  being  absorbed  into  the  soil  and  surface  rocks, 
■or  entering  the  innumerable  crevices  and  fissures  that  e.'cist  in 
all  rocks  near  the  surface.  Making  its  way  through  permeable 
rocks,  such  as  sand,  or  passing  into  natural  reservoirs  or  along 
some  underground  channel,  it  circulates  through  the  earth  for 
a  time,  longer  or  shorter  according  to  circumstances,  and 
comes  at  length  once  more  to  the  surface.  If  it  falls  in  a 
district  greatly  above  the  sea  level,  it  may  issue  in  springs  at 
some  lower  part  of  the  same  country,  or,  by  the  pressure  it 
exerts  when  the  rocks  are  full,  may  force  out  other  water  that 
has  already  performed  a  long  journey.  If  it  falls  near  the 
sea,  it  may  still  be  brought  back  into  circulation,  for  we  know 
that  the  temperature  of  tike  interior  of  the  earth  is  higher  than 
4t  the  surface  ;  and  it  is  quite  possible  that  a  little  water,  pe- 
•uetrating  the  depths  at  which  it  would  be  converted  into  steam, 
may  exercise  a  pressure  sufficient  to  overcome  the  force  of 
gravity,  and  help  to  force  up  large  columns  of  water  from  great 
•depths,  which  may  either  rise  through  fissures  at  a  high  tem- 
perature in  thermal  springs,  or,  oozing  upwards,  may  again 
become  cooled  Before  reaching  the  surface.  It  may  and  does 
■re-appear  in  this  way  naturally,  and  at  ordinary  temperatures. 
All  water  obtained  or  obtainable  from  the  interior  of  tihe  earth 
is  called  spring  water;  and  all  sources,  of  water  within  the 
■earth  are  called  springs.     They  differ  in  their  nature  very  con- 
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siderably ;  and  we  will  first  see  in  what  they  differ,  and  how 
die  conditions  are  to  be  explained. 

Of  ordinary  springs  there  are  three  kinds,  if  we  regard  the- 
subject  from  a  geological  point  of  view.  Thus,  if  the  rock  at 
the  earth's  surface,  in  any  locality,  be  perfectly  open  and  per- 
meable, like  gravel  or  sand,  resting  on  some  close  rock,  as. 
clay,  all  rsiin  falling  on  it  sinks  in  at  once  to  the  impermeable 
floor  and  forms  pools  in  the  irregularities  of  that  floor.  When 
a  hole  is  dug  in  such  sand  or  gravel,  water  will  rise  in  the  hole- 
to  vpithin  a  little  of  the  general  depth  at  which  the  sand  is. 
wet.  This  may  be  seen  by  experiment  on  a  small  scale  on 
the  sea  shore.  Such  springs  are  called  land  springs.  They 
are  useful,  but  the  water  is  liable  to  injury  from  impurities 
present  at  the  surface ;  and  during  long  drought  land  springs 
are  almost  sure  to  become  dry.  Water,  however  impure, 
and  even  when  largely  impregnated  with  salt,  becomes  drink- 
able, and  freed  from  organic  impurities,  when  it  has  percolated, 
for  some  distance  through  almost  any  kind  of  permeable  rock. 

When  a  permeable  bed,  as  of  sand  or  loose  gravel,  lies  be- 
tween two  impermeable  beds,  as  of  clay,  the  sand  is  sure  to. 
receive  and  absorb  much  water  along  the  line  of  its  outcrop. 
As  almost  all  rook-beds  or  strata  are  inclined  more  or  less  ta 
the  horizon,  the  water  descends  and  collects  in  these  beds. 
If  a  water-bearing  bed  is  reached  by  a  well  sunk  through  an. 
upper  impermeable  covering,  the  water  will  rise  to  find  its. 
level ;  and  in  the  case  where  the  water  enters  at  a  higher  level 
than  that  of  the  place  where  the  well  is  sunk,  it  may  rise  up 
to  or  even  above  the  surface.  Springs  obtained  in  this  way 
are  called  Artesian,  from  the  town  of  Artois,  in  France,  where- 
such  sinkings  as  we  have  described  attracted  attention  during, 
the  middle  ages.  The  discovery,  however,  that  water  could/ 
be  obtained  by  such  sinkings,  is  at  least  as  old  as  the  civiliza- 
tion of  Egypt ;  and  Artesian  wells,  as  they  are  now  called,  are 
very  much  more  ancient  than  the  name  of  Artois. 

Many  varieties  of  geological  condition  and  position  of  the- 
rocks  modify  the  circumstances  under  which  water  can  be  ob- 
tained, or  the  mode  in  which  it  naturally  flows  in  springs. 
Thus,  where  the  rocks  have  been  broken  and  fissures  produced 
that  are  open  to  the  surface,  water  will  rise  through  such  fis- 
sures as  into  a  well.  If,  after  fissures  have  been  formed 
naturally  in  rooks,  the  whole  mass  has  been  upheaved,  and  th» 
flow  of  water  stopped  by  an  impermeable  rock  coming  against 
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a  permeable  sand,  it  is  clear  that  the  water  must  tend  to  find 
its  way  out.  It  will  pass  downwards,  if  possible,  but  failing 
any  downward  exit,  or  if  the  rock  below  is  ah-eady  full,  it  will 
inevitably  rise  towards  the  surface  through  any  open  channel, 
and  it  will  generally  be  able  to  rise,  for  the  earth  is  rarely 
so  close  as  not  to  admit  of  some  outlet,  and  this  is  soon  en- 
larged where  water  runs  through  and  pressure  is  exerted.  It 
is  certain  that  water  must  be  constantly  circulating  through 
natui-al  fissures  in  the  earth  at  all  depths,  and  at  those  depths 
where  the  temperature  is  high  the  water  will  become  warm. 

In  limestone  districts,  where  the  rock,  though  absorbent,  is 
naturally  much  broken,  and  where  the  material  is  readily  acted 
on  and  dissolved  by  water,  there  are  usually  caverns  and  open 
spaces.  In  these,  also,  water  collects,  and  through  or  amongst 
them  it  passes,  dissolving  the  limestone  at  one  place  and  de- 
positing it  in  others,  according  as  the  course  of  the  water  is 
rapid  and  the  absence  of  air  complete,  or  the  course  slow  and 
evaporation  considerable. 

Water  that  rises  from  the  interior  of  the  earth,  or  that  has 
passed  through  the  earth  is  not  chemically  pure.  In  one  sense, 
indeed,  no  water  is  pure;  for  even  the  rain,  before  it  has 
reached  the  earth,  has  absorbed  mineral  matter  from  the  atmo- 
sphere. But  the  water  of  springs  not  unfrequently  contains 
gases,  mineral  salts,  acids,  bitumen,  and  even  organic  matter, 
in  quantity  siifBciently  large  to  produce  a  marked  influence 
on  the  animal  economy.  In  this  respect,  however,  there  is 
great  difierence.  Thus,  the  waters  of  Neris  (near  Montlu9on, 
in  the  middle  of  France),  whose  temperature  is  125°  ¥.,  ex- 
hibit, on  analysis,  au  extremely  minute  percentage  of  saline 
matter,  and  a  very  little  organic  matter.  The  waters  of  Schlan- 
genbad,  near  Wiesbaden,  contain  even  less  than  this,  though 
they  have  a  high  reputation  for  sanitary  purposes.  The  Wild- 
bad  spring,  near  Stuttgard,  contains  only  about  twenty-three 
grains  of  solid  matter  per  imperial  gallon.  On  the  other 
hand,  there  are  waters  that  contain  upwards  of  sixteen  ounces 
of  salts  of  various  kinds  in  the  gallon. 

Mineral  springs  very  frequently  emerge  in  the  neighbour- 
hood of  volcanoes,  and  there  is  no  known  volcanic  region  in  which 
they  are  not  found.  They  also  occur  near  the  points  where 
granite  and  other  metamorphic  rock  comes  to  the  surface,  and 
wherever  lines  of  fault  and  fissure  open  a  passage  from  con- 
siderable depths  to  the  surface.     The  celebrated  springs  of 
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Carlsbad  originate  along  a  line  of  contact  of  two  granites  of 
different  geological  age.  Other  springs  arise  from  the  contact 
of  slate  with  granite ;  and,  generally,  the  contact  of  two  dis- 
similar minerals  or  rocks,  capable  of  exciting  chemical  action, 
is  marked  by  phenomena  of  this  kind. 

It  is  not  always  within  small  areas  or  along  lines  of  fault  or 
dislocation  only  a  few  miles  in  length  that  mineral  springs 
issue.  Humboldt  has  indicated,  in  South  America,  a  line  of 
nearly  five  hundred  miles  along  which  such  phenomena  occur. 
A  considerable  district  in  central  France  contains  mineral 
springs  in  vast  number.  In  most  of  the  principal  mountain 
chains  of  the  world,  something  of  the  same  kind  can  be  traced ; 
and  indeed  there  can  be  no  doubt  that  some  relation  may  ge- 
nerally be  traced  between  the  points  at  which  mineral  springs 
issue  and  well-marked  geological  phenomena,  not  only  volcanic, 
but  disruptive,  independent  of  the  vicinity  of  volcanoes.  There 
are  few  countries,  however,  in  which  mineral  or  thermal  springs 
have  not  been  met  with,  and  their  recorded  number  is  very 
large,  though  by  no  means  including  all  that  might  fairly 
claim  the  title.  As  many  as  864  have  been  described  in 
France,  and  about  400  in  Spain,  while  the  number  in  Ger- 
many and  Switzerland,  though  not  est'.mated  with  such  pre- 
cision, must  be  much  larger. 

The  quantity  of  water  issuing  from  springs  varies,  as  might 
be  supposed,  to  an  almost  indefinite  extent.  It  is  in  many 
cases  very  difficult,  if  not  impossible,  to  gauge  them  with  ac- 
curacy. The  waters  at  Carlsbad  are  estimated  to  yield  at  least 
a  quarter  of  a  million  gallons  per  day ;  and  several  hot  springs 
described  by  Humboldt,  in  South  America,  pass  away  almost 
at  once  through  regular  channels  as  large  rivers.  In  Switzer- 
land, the  spring  of  St.  Laurent,  at  Leuk,  yields  280,000  gallons 
per  day.  In  the  Pyrenees,  the  springs  of  Cauterets  yield 
nearly  90,000  gallons  per  diem,  and  those  of  Olotte  nearly 
400,000.  On  the  banks  of  a  small  stream  in  the  State  of 
Arkansas,  North  America,  as  many  as  sixty  springs  appear  in 
a  distance  of  a  quarter  of  a  mile,  with  a  temperature  varying 
from  125°  to  160°  ¥.,  and  a  total  volume  of  300,000  gallons 
per  day      Cold  springs  rise  immediately  adjacent. 

In  central  France,  where  thermal  springs  are  very  abundant, 
there  is  one  (Bourbon  TArchambault)  that  yields  half  a  million 
of  gallons  per  day,  and  the  combined  yield  of  all  the  springs  of 
the  district,  whose  number  is  upwiards  of  five  hundred,  is  cer- 
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•tainly  not  less  than  3  J  million  gallons  per  day,  and  is  probably 
much  greater. 

It  is  to  be  remembered  that  in  all  these  cases  the  actual 
•quantity  of  water  lifted  from  the  depths  of  the  earth  towards 
the  surface,  must  very  greatly  exceed  the  quantity  measured 
and  running  over  the  surface.  A  great  deal  of  the  water 
percolates  the  beds  through  which  the  column  rises.  This 
is  especially  the  case  where  the  springs  rise  at  the  contact  o£ 
■granites  with  stratified  rocks  of  open  texture,  such  as  calcareous 
rocks  and  travertins  into  which  water  passes  very  readily. 
Numerous  instances  of  the  dissipation  of  strong  springs  are  to 
be  found  at  Vichy,  Clermont,  and  in  other  places  in  the  centre 
of  France.  Other  instances  are  known  of  powerful  springs 
not  reaching  the  surface,  and  only  known  when  tapped  during 
mining  operations.  A  remarkable  case  of  this  kind  occurred 
lin  Cornwall  some  years  ago. 

The  temperature  of  mineral  springs  varies  from  some  de- 
grees below  the  mean  temperature  of  the  place  where  they  issue 
to  many  degrees  above  the  boiling  point  of  water.  Very  large 
springs  are  often  warm,  tlicaigli  by  no  means  always  among 
the  hottest.  The  hottest  known  are  directly  connected  with 
volcanoes,  as  in  Iceland,  and  will  be  referred  to  in  another 
•chapter ;  but  many,  whose  temperature  approaches  the  boiling 
point,  occur  in  positions  altogether  removed,  not  only  from 
volcanic  agency,  but  from  any  highly  metamorphosed  rocks. 

Besides  the  boiling  springs  of  Iceland,  those  of  Trincheras, 
near  Puerto-Cabello,  in  Venezuela,  South  America,  and  those 
of  Arigino,  in  Japan,  are  good  examples.  The  latter  exceed 
•212°  F.,  and  rise  in  steam. 

In  the  Pyrenees  the  highest  temperature  is  about  1 40°  F. 
In  Central  France  the  Chaudes  aigues  Springs  attain  a  tempe- 
rature of  180°  F.,  but  the  others  are  much  below.  The  great 
majority  of  thermal  springs  are  below  100°  F.,  but  it  is  pro- 
bable that  this  is  due  partly,  if  not  entirely,  to  the  nature  and 
temperature  of  the  rocks  through  which  the  water  rises  and 
Vlie  difficulties  it  has  to  encounter  before  reaching  the  surface, 
fhe  mineral  springs  in  England  are  sufficiently  remarkable 
and  numerous.  Among  them,  those  at  Bath  and  Buxton  are 
tot,  the  former  rising  with  a  temperature  of  115°  F.,  the 
'latter  of  82°  F. 

Mineral  waters  may  be  expected  -to  contain  all  those  sub- 
stances which  water  in  its  passage  through  the  earth  can  find 
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and  dissolve.  The  tendency  of  minute  analysis  is  to  show 
that  water  is  a  universal  solvent,  and  although  the  presence 
of  one  group  of  minerals  may  prevent  the  water  from  taking 
up  some  others,  we  may  still  expect  a  great  variety  in  those 
which  have  risen  from  great  depths,  or  traversed  long  lines  of 
strata.  Water  is  a  solvent  at  all  known  temperatures.  Cold 
water  is  sometimes  a  more  powerful  solvent  than  hot,  but, 
generally,  with  increased  temperature,  so  far  as  it  is  attained 
in  the  interior  of  the  earth,  and  according  to  the  length  of  time- 
during  which  it  may  have  moved  through  mineral  veins  or 
other  crevices,  the  number  as  well  as  the  variety  of  the  con- 
tents will  increase.  Still  the  number  of  substances  generally 
found  in  mineral  springs  in  important  quantities  is  very 
limited.  A  small  number  of  acids  and  an  equally  small  num- 
ber of  bases  reciprocally  saturating  one  another  completes  the 
list.  When  the  saturation  is  incomplete  it  is  always  the  acid 
that  is  in  exeess. 

The  following  are  the  acids  most  generally  met  with  : — car- 
bonic, sulphuric,  hydro-chloric,  hydro-bromic,  hydriodic,  nitric, 
phosphoric,  boracic  and  arsenious.  The  following  are  the- 
bases  : — soda,  potassa  (rarely),  lime,  magnesia,  lithia,  the 
oxides  of  rubidium  and  caesium,  oxides  of  iron  and  manganese. 
Besides  these,  are  oxygen,  nitrogen,  silica,  alumina,  and  cer- 
tain nitrogenised  substances.  The  tendency  of  discovery  is  to 
increase  this  list,  and  also  to  increase  the  number  of  elements 
belonging  to  any  particular  spring,  and  the  use  of  spectral 
analysis,  introduced  only  within  a  very  short  period,  has 
already  done  much  to  improve  the  state  of  chemical  knowledge 
in  this  matter.  One  of  the  first  results  of  spectral  analysis 
was  the  discovery  of  a  new  metal,  caesium,  in  mineral  waters. 
It  may  be  supposed,  and  is  the  csise,  that  of  these  elements 
the  quantity  present  in  the  quantity  of  water  experimented 
on  is  often  so  small  that  only  a  trace  is  indicated,  but  such 
traces  become  importaiit  in  estimating  the  effects  of  the  water 
either  on  mineral  veins,  strata,  or  the  organised  beings  that 
come  under  its  influence.  Besides  the  mineral  acids  organic 
acids  are  occasionally  detected.  In  the  waters  of  the  Sprudel 
Spring  at  Carlsbad,  the  water  is  said  to  contain  about 
463  grains  per  gallon  of  solid  matter,  and  to  include  the  fol- 
lowing list  of  substances.  Sulphate  of  potash  (nearly  92  grains) 
arsenic,  iodine,  bromium,  antimony,  gold,  copper,  chromium, 
manganese,  zinc,  cobalt,  nickel,  titanium,  barytes,  strontianv 


SPBINOS.  319' 

lithium,  fluorine,  selenium,  phosphoric  acid  and  boraoio  acid. 
Besides  these  inorganic  bodies  are  traces  of  resinous  substances 
and  organic  acids,  among  which  crenic  and  apocrenic  acid  have 
been  detected,  and,  probably,  formic,  ambric,  and  benzoic 
acids.  This,  at  least,  is  the  result  of  analysis  by  M.  Gottl. 
We  are  not  aware  whether  it  has  been  confirmed  by  any  chemist' 
of  European  fame. 

The  quantity  of  solid  matter  removed  from  the  interior  of 
the  earth  to  or  towards  the  surface,  by  the  various  mineral 
springs  throughout  the  world,  is  very  much  larger  than  would 
at  first  be  supposed.  The  quantity  of  carbonate  of  lime  thus 
displaced  and  replaced  is  exceedingly  great,  and  large  deposits- 
of  it,  occupying  thousands  of  square  miles  and  of  great  thick- 
ness, due  entirely  to  this  cause,  are  not  unknown.  Silex  is- 
also  deposited  very  largely  near  hot  springs,  especially  in  Ice- 
land. It  has  been  calculated  that  the  Carlsbad  waters  bring' 
to  the  sm-face  annually  a  quantity  of  sulphate  of  soda,  that 
would  yield  15,000  tons  of  the  crystallised  mineral.  In  the 
extinct  volcanic  district  in  the  centre  of  France,  which  occu- 
pies but  a  small  space,  but  where  the  number  of  springs  is- 
very  large,  the  carbon  contained  in  the  carbonic  acid  gas 
emitted  during  a  year,  from  the  water  that  rises  to  the  surface,, 
cannot  be  estimated  at  less  than  365  tons,  while  the  quantity 
of  solid  matter,  if  the  water  were  evaporated,  would  exceed' 
16,000  tons  in  the  same  time.  It  must  be  remembered  diat 
these  waters  are  not  at  all  remarkable  fdr  the  quantity  of  solid 
salts  held  in  solution,  the  average  being  assumed  as  about  350- 
grains  to  the  gallon. 

A  consideration  of  the  substances  held  in  solution  or  suspen- 
sion by  water,  as  it  emerges  from  the  earth,  is  very  essential 
to  a  right  understanding  of  the  pai-t  that  mineral  springs  play 
in  formmg  and  modifying  the  earth's  crust.  It  will  be  well  to- 
explain,  briefly,  the  mode  in  which  they  aippear,  and  their  re- 
lative importance. 

Of  the  gases,  oxygen,  hydrogen,  nitrogen  and  ammonia,  are 
all  present  either  in  a  free  state  or  in  combination.  Owing,, 
no  doubt,  to  the  facility  with  which  they,  combine  with  other 
elements,  oxygen  and  hydrogen  have  not  been  detected  alone. 
Nitrogen,  on  the  other  hand,  is  very  common  ;  especially  in, 
waters  containing  svilphur.  Such  waters  almost  always  con- 
thin  organic  matter.  Nearly  the  whole  (82  to  87  per  cent.) 
of  the  gases  evolved  from  the  springs  at  Aix-la-Chapelle,  and- 
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«bciit  the  same  per-centage  of  the  Wildbacl  Spring  (Wurtem- 
■fcurg)  consists  of  nitrogen.  No  doubt  much,  if  not  all,  of  this 
is  derived  from  the  atmospheric  air  carried  down  with  the 
water,  but  some  may  also  be  due  to  organic  matter  present  in 
the  minerals  that  the  water  has  traversed.  Of  the  compounds 
•of  nitrogen,  ammonia  is  found  in  the  waters  of  Plombieres. 
Its  origin  is  by  no  means  clear.  It  exists  with  iodine  and 
i)romium,  in  the  waters  of  Coese,  in  Savoy.  It  has  been  re- 
marked tha;t  ammonia  is  not  present  in  water  issuing  from 
granite.*  Traces  of  nitrous  acid  have  been  found  in  some 
springs,  as  at  Giessen,  where  this  product  forms  2  per  cent,  of 
the  binoxide  of  manganese,  contained  in  the  waters. 

Sulphur  is  one  of  the  substances  vridely  diffused  in  mineral 
•waters,  and  present  in  tolerably  large  quantities.  Pure  sul- 
phur is  occasionally,  though  rarely,  deposited  from  sulphurous 
"vapours  in  an  efflorescent  state,  in  the  neighbourhood  of  vol- 
canoes, both  recent  and  extinct.  Large  quantities  of  native 
sulphur  are  deposited  in  beds  of  gypsum  in  Sicily,  on  the 
eastern  slope  of  the  Apennines  (especially  near  Eimini)  in  Corfu, 
in  Savoy,  in  the  south-west  of  Spain,  and  in  many  other  places. 
Sulphur  springs  are  common  in  most  of  these  localities.  In- 
crustations of  sulphur  are  found  on  the  vaults  of  the  old  baths 
at  the  Bagneres  de  Luchon,  in  places  where  the  water  itself 
never  reached.  A  milky  appearance,  or  a  black  stain,  are  not 
uncommon  marks  of  the  presence  of  sulphur  in  mineral  waters. 
Silica  is  found  with  sulphur  in  Iceland  and  elsewhere,  but  sul- 
phate of  lime  (gypsum)  is  exceedingly  common  wherever  sul- 
phur exists  in  any  quantity,  either  now  in  mineral  waters,  or 
formerly,  where  such  waters  have  passed.  Sulphuretted 
'hydrogen  is  frequently  set  free  from  mineral  springs,  and 
appears  in  bubbles,  which  rise'through  the  water,  often  coated 
"with  bitumen.  Sulphuric  acid  is  also  not  uncommon,  especially 
near  volcanoes.  Very  large  quantities  exist  in  the  water  issuing 
from  some  springs  in  central  America,  described  by  Hum- 
boldt. Upwards  of  7^  millions  of  gallons  of  water,  derived 
from  the  upper  part  of  the  volcano  of  Purace,  come  down  every 
<lay,  in  a  stream  called  the  Rio  Vinagre,  and  this  daily  run  of 
water  is  calculated  to  contain  40  tons  of  sulphuric  acid,  and 
■upwards  of  30  tons  of  hydrochloric  acid.f  Many  other  instances 
are  recorded. 

*  Comptes-rendus  de  I'lnstitut,  t.  42.,  p.  1269. 
t  Idem,  t.  24 ,  p.  898. 
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Fluorine  has  not  been  found  free  in  mineral  waters,  but 
it  is  present  combined  with  calcium,  though  in  very  small 
quantities.  Phosphorus  is  also  found  in  combination  only, 
but  it  is  veiy  much  more  common.  At  Aix  la  Chapelle,  some- 
of  the  springs  contain  phosphate  of  soda  and  lithia,  ^ni 
fluoride  of  calcium.  Arsenic  is  also  widely  distributed.  It 
has  been  found  in  most  of  the  Auvergne  springs,  in  those  of 
Wurtember'g,  and  elsewhere.  In  these  sprii  igs  the  quantity  is 
very  small,  but  in  Africa,  near  the  ancient  Utica,  at  the  spring, 
of  Bon-Chater,  there  is  a  spring  containing  73  grains  of  solid 
matter  per  gallon,  of  which  12i  grains  consist  of  arseniates  of 
potash  and  soda.  The  temperature  of  the  water  is  104°  F. 
These  waters  are  said  to  be  inoffensive,  and  to  be  commonly 
used  for  drinking,  both  by  cattle  and  men. 

Boracic  acid  is  a  common  and  abundant  mineral  in  thermal 
springs  in  certain  localities  in  Tuscany,  but  it  has  hitherto^ 
been  thought  rare  in  mineral  waters  generally.  It  has  been 
detected,  however,  at  Luchon  and  other  Pyrenean  baths,  and 
also  at  Vichy.     It  is,  no  doubt,  widely  distributed. 

Silica  is  so  very  widely  distributed  now,  and  appears  to  have 
been  so  universally  present  during  the  whole  of  the  earth's 
histoiy,  that  we  may  well  look  for  it  in  mineral  waters,  and  be 
prepared  to  find  large  deposits  of  it,  when  such  waters  have 
been  evaporated.  It  is  chiefly  hot  springs,  in  the  neighbour- 
hood of  volcanoes,  that  are  rich  in  silica.  Very  often  we  find 
fragments  of  wood,  and  sometimes  whole  beds  of  vegetable  mat- 
ter, silicified.  In  the  Azores,  especially  in  the  island  of  St. 
Michael;  in  the  West  Indies,  in  the  island  of  Antigua;  in 
Egypt,  between  Cairo  and  the  Red  Sea ;  and  in  some  parts  of 
.Australia,  similar  changes  are  well  known.  The  mass  of 
silica  thus  accumulated  on  the  earth  is  very  large.  In  Ice- 
land there  is  a  deposit  two  leagues  in  length,  and  a  quarter  of  a 
league  wide,  and  in  some  places  a  hundred  feet  high,  composed 
entirely  of  silica,  derived  from  numerous  boiling  springs  resem- 
bling the  celebrated  Geysers.  In  other  places,  a  coating  of 
silica,  in  others  siliceous  stalactites,  have  been  described.  The 
silica  is  generally  deposited  in  the  gelatinous  state,  hardeuing^ 
en  exposure. 

We  have  already  alluded  to  the  large  quantity  of  carbon 
occasionally  to  be  found  in  mineral  waters,  locked  up  in  cai> 
bonic  acid  gas.  and  liberated  as  the  water  reaches  the  surface^ 
Carbonic  acid  is  indeed  so  common  in  mineral  waters,  and  even 
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in  ordinary  spring  water,  as  to  be  almost  universal,  and  it  has 
■been  remarked  that  the  more  of  this  acid  there  is  contained  in 
the  water,  the  greater  is  the  quantity  of  alkaline  bicarbonates. 
The  presence  of  carbonate  of  lime,  or  limestone,  in  rocks  of 
■all  ages,  and  the'  distribution  of  carbonic  acid  in  the  atmos- 
phSre,  as  well  as  in  all  cold  spring  water,  and  in  the  water  of 
the  sea,  is  a  proof  that  carbonic  acid  has  at  all  times  played  an 
important  part  in  the  construction  and  modification  of  the 
earth's  surface. 

Hydro-carbons,  either  in  the  form  of  gas,  (carburetted  hy- 
•drogen)  or  in  the  form  of  liquid  or  solid  bitumen,  abound  in 
•certain  mineral  waters,  and  in  some  places  the  liquid  varieties 
issue  from  the  earth  like  water,  in  continuous  streams  of  very 
large  quantity.  These  ai'e  sometimes,  but  not  always,  con- 
nected with  water.  Certain  waters  also  are  very  bituminous. 
Some  of  the  Auvergne  springs  are  so ;  while,  on  the  other 
hand,  some  bitumens  contain  a  marked  per-centage  (sometimes 
ilO  per  cent.)  of  water.  A  considerable  quantity  of  oxygen 
gas  is  present  in  these  cases.  Remarkable  instances  of  bitu- 
men and  inflammable  gas,  rising  through  and  with  water,  are 
seen  at  Baku,  on  the  Caspian,  in  the  pitch  lake  of  the  island 
Tiinidad,  and  in  Zante.  Bituminous  springs  rise  through  the 
■sea  on  the  east  coast  of  Zante.  Other  cases  are  known  where  the 
vapour  of  these  bitumens,  issuing  from  the  earth,  readily  takes 
fire,  and  bums  for  a  long  time.  The  bitumen  has  often  im- 
pregnated the  sands  and  limestones,  and  other  absorbent  rocks, 
to  a  considerable  distance  on  each  side.  At  Paterno,  in  Sicily, 
a  mass  of  basalt  is  loaded  with  naphtha.  Since  the  year  1854, 
various  places  in  North  America  have  yielded  enormous  quan- 
tities of  rock-oil,  a  variety  of  petroleum  greatly  used  for  burning. 
It  issues  in  strong  springs,  generally  reached  by  boring.  The 
ioil  often  rises  into  the  air  in  a  jet  like  a  fountain.  In  one 
case,  it  was  thrown  to  a  height  of  24  feet  above  the  surface, 
■drowning  the  whole  neighbourhood.  From  a  few  springs  the 
supply  has  amounted  to  upwards  of  a  hundred  millions  gallons 
in  a  year.  Although  not  strictly  connected  with  springs  of 
water  on  the  spot,  these  springs  of  petroleum  belong  to  the 
-same  class  of  phenomena,  and  may  thus  be  noticed  in  this 
place.  Chloride  of  sodium  (common  salt)  is  held  in  solution 
in  the  water  flowing  from  such  springs ;  and  the  phenomena 
of  naphtha  and  petroleum  springs,  in  various  parts  of  the  world, 
■appear  to  be  of  the  same  nature. 
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Potash  and  its  salts,  though  very  widely  disseminated  among 
rocks,  are  generally  absent  in  mineral  waters,  soda  taking  its 
place.  Though  occasionally  met  with,  potash  is  probably  less 
frequent  than  lithium  Nitrates  of  potash,  however,  exist  in 
water  in  India,  and  also  in  Hungary,  on  a  somewhat  larger 
ecale.  The  latter  case  is  very  interesting,  as  it  seems  impos- 
■sible  to  refer  the  potash  to  organic  origin,  most  of  the  springs 
issuing  from  a  depth  of  30  feet,  and  the  group  extending  over 
a  very  wide  space,  throughout  which  all  the  wells  sunk  yield 
this  salt.  These  springs  also  have  been  known  for  centuries, 
and  there  is  little  organic  matter  in  their  vicinity.  California 
also  yields  potash  in  thermal  springs. 

Lithium,  long  regarded  as  a  rare  substance,  is  now  found  by 
the  aid  of  special  analysis,  to  exist  in  most  mineral  waters. 
In  some  it  is  extremely  abundant ;  and  in  a  hot  spring  issuing 
in  a  mine  in  Cornwall,  the  proportion  is  exceedingly  large. 
Rubidium  and  Csesium,  two  new  metals,  have  recently  beer 
detected  in  certain  mineral  waters,  and  Thallium  is  found 
under  conditions  which  render  its  existence  probable  in  a 
similar  position. 

We  have  mentioned  that  the  salts  of  soda  are  common  iti 
mineral  water.  The  salts  most  common  are  chloride  of  sodium, 
and  carbonate  and  suphate  of  soda.  In  some  hot  springs 
silica  is  present  in  large  quantities  with  soda.  Carbonates 
of  soda  (bicarbonate  and  sesqui-carbonate)  abound  in  many 
springs.  Thus  the  waters  of  Vichy,  if  evaporated,  would  yield 
upwards  of  1 00  tons  of  this  salt  per  annum,  and  other  springs 
at  an  equal  rate.  Some  springs  contain  the  sulphate  instead 
of  the  carbonate.  The  springs  at  Carlsbad  contain  190  grainn 
to  the  gallon,  those  of  Cheltenham  150,  and  those  of  Pullna 
nearly  1,500  grains  per  gallon.  Deposits  of  sulphate  of  soda, 
no  doubt  from  mineral  waters,  sometimes  become  absolute 
rocks,  as  at  Lodora,  on  the  frontiers  of  Navarre  and  Old 
Castile,  and  on  the  shores  of  some  curious  lakes  in  the 
Crimea.  Common  salt  is  found  in  small  quantities  in  most 
mineral  waters.  Some  are  almost  saturated  with  this  mineral, 
containing  more  than  two  pounds  weight  of  salt  to  the  gallon. 

Next  to  the  salts  of  soda  those  of  lime  are  the  most  abundant 
in  mineral  waters,  and  of  these  the  carbonates  may  be  con- 
sidered as  universally  present  in  some  proportion.  Calcareous 
deposits  from  water  are  equally  common,  and  where  mineral 
waters  contain  much  carbonate  of  lime  the  neighbourhood  is 
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generally  more  or  less  coated  with,  travertin.  PerhapB  in  no. 
country  are  springs  of  this  kind  more  remarkable  than  ini 
Tuscany,  where  their  number  is  altogether  incalculable.  In. 
one  place  where  the  water  runs  into  a  pond  a  deposit  of  nearly 
30  feet  in  thickness  has  bein  formed  within  the  last  twenty 
years,  and  in  small  boxes,  into  which  the  water  is  allowed  to. 
drop  on  intaglios  and  evaporate  slowly,  cameos  are  formed 
by  incrustation  in  a  period  of  about  four  months.  The  same 
result  is  obtained  in  Auvergne. 

At  Carlsbad  the  calcareous  crust  formed  around  the  issue 
of  the  Sprudel  spring  was,  many  years  ago,  observed  to 
interfere  with  and  greatly  diminish  the  yield  of  water,  and 
at  length  was  partially  broken  through  by  the  water  at  the 
beginning  of  the  last  century.  Under  these  circumstanced- 
it  was  thought  advisable  to  pierce  the  whole  in  order  to  in- 
crease the  yield  from  the  spring,  and  give  a  freer  access  to  the 
water.  It  was  found  after  piercing  one  crust  that  there  ex- 
isted a  large  cavity  full  of  water  under  pressure.  Below  this  was- 
another,  and  this  also  being  pierced,  the  water  issued  with 
increased  force.  Below  this  again,  however,  was  a  vast 
reservoir,  and  there  were  no  means  of  ascertaining  further  the 
extent  of  the  formation.  The  crusts  were  from  one  to  two- 
feet  thick,  and  not  immediately  below  each  other.  The  same 
spring  has  several  outlets  over  a  considerable  area.  In  Algeria,, 
at  a  place  where  are  springs  loaded  with  carbonate  of  lime,  a 
large  area  is  covered  with  conical  hills  from  6  to  18  feet 
high,  formed  round  the  different  outlets  that  the  water  has- 
made,  and  numerous  similar  examples  might  be  given. 

Large  deposits  of  sulphate  of  lime  from  springs  of  mineral- 
water  are  common  in  many  parts  of  the  world,  and  are  pro- 
bably due  to  the  issue  iind  evaporation  of  waters  containing 
this  mineral.  Gypsum,  sulphur,  rock  salt,  and  carbonate  of 
lime,  are  very  often  associated  together.  Fluate  of  lime, 
though  in  small  quantities,  is  common  in  certain  localities, 
though  much  less  abundant  than  the  sulphate.  The  Vichy 
\faters,  among  others,  contain  this  salt.  Phosphate  of  lime  is: 
distributed  in  about  the  same  proportion  as  fluate. 

The  salts  of  magnesia  are  next  in  importance  to  those  of 
lime,  and   are  very  widely  distributed  in   mineral   springs. 
Biearbonfite  is  the  most  common — sulphate  is  hardly  less  so. 
Sea  water  contains  from  160  to  500  grains  in  the  gallon 
The  Cheltenliam  waters  have  a  small  quantity  (about  100 
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grains),  and  the  Seidlitz  watera,  in  Bohemia,  an  extreme 
quantity'  (2,000  grains  per  gallon)  Some  of  the  springs  at 
Pullna,  also  in  Bohemia,  are  still  more  rich  in  this  salt. 

Alumina,  combined  with  silica  and  other  elements  in  double 
salts,  is  common  in  most  springs  in  small  quantity. 

Of  the  metals,  both  manganese  and  iron  are  very  commonly 
distributed  in  the  waters  of  mineral  springs.  The  former 
metal  is  generally  in  small  quantity,  but  at  Carlsbad,  at 
Popayan  in  Mexico,  and  in  Algiers,  there  are  waters  more 
than  usually  rich  in  this  element  Iron  is  found  everywhere. 
All  the  chalybeates — so  numerous  in  every  part  of  the  world, 
are  of  this  kind.  The  quantity  is  not  often  large,  though 
occasionally  it  is  sufficiently  so  to  produce  ferruginous  deposits 
and  incrustations  in  very  large  quantity.  Bischoff  has  de- 
scribed the  Eifel  springs,  the  waters  of  which  bring  nearly 
two  tons  of  iron  to  the  surface  every  twenty-four  hours. 
The  iron  in  water  is  generally,  but  not  always,  in  the  state  of 
peroxide. 

Cohalt  and  nickel  are  said  to  have  been  found  in  mineral 
waters  at  Boulou  (Central  France).  Oxide  of  tin  is  said  by 
Berzalius  to  have  been  found  by  him  in  some  springs  in 
Bohemia.  Titanic  acid  has  been  recently  detected  in  those 
of  Wildbad-Gastein.  Copper  is  very  often  met  with.  Lead 
is  not  unknown.  Silver  and  gold  are  known  to  be  soluble  in 
water,  and  must  be  present  in  certain  springs.  The  latter 
has  been  detected  by  M.  Laur  in  some  springs  in  California. 

One  of  the  most  remarkable  and  interesting  facts  with 
regard  to  mineral  and  thermal  springs  is  that  they  exhibit  on 
analysis  unmistakeable  evidence  of  the  presence  of  organic 
matter.  The  form  assumed  by  this  organic  matter  is  that  of 
a  glairy  substance,  not  referrible  with  certainty  either  to  the 
vegetable  or  animal  kingdom.  It  is  called  by  chemists 
glairine,  haregine,  or  other  names,  and  it  appears  to  differ  in 
different  springs.  So  large  is  the  quantity  that  the  mother 
liquor  from  the  salt  works  at  Bex,  in  Switzerland,  where  there 
are  strong  saline  springs,  has  yielded  sufficient  to  show  a 
carbonaceous  residuum  after  calcining.  This  substance  is  not 
easily  obtained,  as  it  is  destroyed  by  evaporation,  but  it  can  be 
detected  by  the  microscope.  The  waters  containing  it  are 
soft.  It  is  chiefly  abundant  in  those  waters  that  appear  t« 
have  least  to  do  with  superficial  drainage,  and  especially  in 
sulphurous  springs.    The  development  of  Confervse  in  such 
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watera  is  bo  rapid  that  at  Plombieres,  where  one  of  the  springs 
is  particularly  rich  in  this  substance,  it  is  necessary  to  empty 
the  large  swimming  bath  every  week  in  order  to  cleanse  it 
from  the  accumulation.  The  substance  is  amorphous,  and  its 
colour  is  occasionally  black,  red,  or  violet. 

It  has  been  stated  that  within  the  limits  of  human  obser- 
Tation  the  temperature  of  water  coming  from  considerable 
depths  through  natural  fissures  is,  in  each  particular  spring, 
invariable ;  but  there  is  no  doubt  that  changes  may  occur,  and 
it  is  certain  that  in  some  instances  they  do.  There  are  many 
reasons  for  this,  even  assuming  that  the  temperature  of  the 
earth  below  remains  constant.  In  some  cases  the  volume  of 
water  may  be  increased,  and  the  mean  temperature  diminished 
by  the  influx  of  cold  waters  or  melted  snow  from  near  the 
-earth's  surface.  Extreme  and  long  continued  drought  may  at 
another  time  remove  parts  of  a  supply  that  belong  to  the 
,  upper  strata  and  allow  the  deeper  waters  to  rise  in  diminished 
volume,  but  increased  temperature.  Accumulations  in  the 
channel  through  which  the  waters  pass,  either  by  some 
deposit  from  the  water  itself  or  by  the  accumulation  of  foreign 
■substances  brought  in,  may  entiely  alter  the  circumstances 
under  which  the  water  comes  to  the  surface,  or  may  stop  it 
altogether  at  .the  usual  outlet.  The  breaking  in  of  the  roofs 
of  caverns  in  the  interior  of  the  earth,  the  disturbance  of  the 
strata  by  earthquakes,  and  other  causes,  may  also  act  to  pro- 
-duce  great  changes. 

Instances  are  not  wanting  of  all  the  accidents  and  disturbances 
here  alluded  to.  Thus,  within  a  period  of  thirty-three  years 
the  springs  of  Las  Trincheras,  in  Mexico,  described  by  Hum- 
boldt, were  found  by  Boussingault  to  have  increased  several 
degrees  in  temperature.  During  this  period  there  was  a 
great  earthquake,  destroying  the  tovm  of  Caracoas.  About 
the  time  of  the  great  earthquake  of  Lisbon,  in  1755,  the 
waters  of  Aix,  in  Savoy,  became  colder,  and  deposited  a  bluish 
sediment,  while  those  of  Luchon  increased  in  temperature. 
Some  of  the  springs  in  Central  France  were  augmented  in 
volume  but  diminished  in  temperature. 

In  1854  there  was  a  succession  of  small  vibrations  of  the 
earth  in  the  Pyrenees.  During  this  time  at  Gazost  (Bagneres) 
there  was  a  large  quantity  of  organic  matter  emitted,  of  black 
colour  and  loaded  with  sulphuret  of  iron.  The  same  pheno* 
nenon  was  observed  at  the  "Caesar"  spring  at  Cautereti* 
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where  the  temperature  was  increased.  At  Bareges  one 
spring  increased  in  temperature  from  64^o  to  83-|-<»  F.,  and 
its  volume  was  more  than  doubled.  Besides  these  instances, 
referrible  to  known  disturbances,  the  waters  of  certain  springs 
.at  Plombieres  occasionally  vary  without  apparent  cause  from 
S°  to  18°  F.  in  their  temperature. 

Intermittent  springs  occur  in  many  parts  of  the  world,  and 
under  various  circumstances.  The  intermission  may  be  more 
or  less  regular,  or  quite  irregular.  The  former  cases  of 
intermission  are  generally  dii«  no  doubt  to  the  existence  of 
interruptions  of  strata  formrag  syphon  tubes.  The  water 
passing  through  natural  channels  must  occasionally  enter  and 
fill  open  spaces  in  the  interior,  forming  closed  I'eservoirs,  and 
these  may  have  outlets  only  by  channels,  which,  though  they 
communicate  with  the  lower  part  of  the  cavity  are  bent  and 
curved  upwards  before  reaching  a  lower  level,  by  which  their 
contents  are  ultimately  discharged.  So  long  as  the  water 
draining  in  from  above,  or  through  crevices  in  the  walls,  does 
not  reach  the  level  of  the  highest  point  of  the  curve  it  is  not 
delivered  by  this  passage  at  all.  When  it  does,  and  the 
delivery  begins,  it  is  continued  till  the  cavity  is  emptied  to 
the  point  where  the  channel  opens  into  it. 

If  there  is  a  narrow  but  insufficient  channel  besides  this 
Byphon  tube  there  vrill  be  a  constant  discharge,  which  is 
occasionally  very  much  increased,  and  theu  as  suddenly 
diminished.  If  the  reservoir  is  deep  and  the  supply  reaches 
it  slowly,  it  may  be  a  year  or  two  before  a  change  in  the 
.quantity  entering  from  the  smface,  from  increased  rain-fall, 
produces  an  impression.  Thus  it  may  be  that  there  is  no  dis- 
charge or  a  very  small  one  in  a  wet  year,  and  an  abundant 
-discharge  daring  some  subsequent  very  dry  season.  All  these, 
and  many  othef  peculiarities  and  modifications  of  water  supply 
from  springs,  are  perfectly  consistent  with  their  original  source. 
They  are  not  the  less  derived  from  the  rain-fall  of  the  district, 
and  their  channels  are  still  those  naturally  existing  in  the 
rocks  through  which  the  water  passes. 

A  very  curious  instance  of  intermission  is  exhibited  by  one 
of  the  springs  at  Kissingen,  in  Bavaria.  The  temperature 
pi  this  spring  is  generally  64"  F.,  and  the  water  contains 
810  grains  of  common  salt,  more  than  200  grains  of  chloride 
of  magnesium,  and  as  much  sulphate  of  soda,  besides  other 
salts,   making  a  total  of  1,500   grains   to  the  gallon.     It 
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usually  exhibits  a  peculiar  bubbling  or  effervescence,  but  after 
certain  intervals,  whose  duration  is  known,  the  efifervescende- 
of  the  waters  becomes  less  considerable,  and  the  jet  diminishes- 
till  it  is  almost  altogether  suppressed.  This  lasts  from  17  t» 
94  minutes.  After  this  time  the  water  once  more  effervesces, 
but  gradually,  and  it  takes  30  or  40  minutes  to  rise  to  its 
previous  height.  In  the  course  of  six  years,  during  which, 
the  phenomena  have  been  carefully  observed,  the  number  of 
intermissions  was  857  each  year.  Of  the  whole  time  the 
level  of  the  water  was  lowered  during  3,521  hours,  and  at  its 
ordinary  height  5,239  hours.  The  period  of  repose  averaged! 
8  hours  3^  minutes,  in  each  24  hours,  and  the  quantity  of 
water  issuing  from  the  spring  in  a  given  time  was  inviiriable. 

Careful  observatious  made  at  Vichy  have  shown  that  the 
quantity  of  water  issuing  from  one  of  the  principal  springs 
(Source  du  Pare)  varies  inversely  as  the  quantity  of  carbonia 
acid  gas  in  the  water,  and  this  is  goeater  or  less,  according  as- 
the  pressure  of  the  air  incresises  or  diminishes.  The  increase- 
is  greater, cosfens  pflsri6its,wifh  north  or  north-east  winds,  and 
the  diminution  greatest  with  south-east,  south,  and  south- 
west winds.  In  the  springs  in  the  Pyrenees  similar  observa- 
tions have  been  made.  Other  remarkable  cases  of  the  suddeni 
increase  of  springs  have  been  recorded  during  violent  storms, 
when  the  barometer  has  fallen  to  an  unusual  extent.  There 
can  be  little  doubt  that  careful  observations  would  show 
similar  results  generally.  In  many  places  where  petroleum. 
,  springs  occur  there  is  a  similar  alteration  of  quantity,  accord- 
ing to  the  state  of  the  weather. 

Changes  in  the  supply  from  springs,  owing  to  the  gradual 
choking  up  of  the  channel,  by  which  the  waters  rise  to  the- 
fiurface,  are  not  unfreijuent.  At  Vichy,  in  the  year  1808,  the 
spring  named  "Grande-Grille"  yielded  85,000  gallons  of 
water  at  a  temperature  of  106*"  F.  In  1809  the  quantity 
was  reduced  to  75,000  gallons  at  104o.  In  1829  the  yield- 
was  only  60,000  gallons,  and  the  temperature  lOOo.  Lastly^ 
from  1843  to  1863  the  volume  of  water  was  lowered  from' 
21,000  to  17,000  gallons,  and  the  temperature  from  94o  to 
92°.  On  the  other  hand,  in  the  winter  of  1853  a  mass  of 
travertin  (arragonite)  was  removed  from  the  course  of  the 
issuing  waters,  and  the  yield  was  at  once  increased  to- 
340,000  gallons  at  a  temperature  of  107o.  A  kind  of  ex- 
plosion will  sometimes  take  place  in  springs  thus  choked  up^ 
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af  there  i8  no  natural  outlet  in  some  other  direction,  but  this 
is  very  rarely  the  case,  and  the  choking  up  of  on"e  spring  is 
{generally  only  preliminary  to  the  breaking  out  of  the  same 
spring  in  some  other  direction,  and  the  formation  of  a  fresh 
•deposit  of  incrusted  salts. 

A  remarkable  change  sometimes  takes  place  in  the  mineral 
•contents  of  springs.  Thus  at  Plombieres  the  gaseous  contents 
of  one  of  the  springs,  carefully  taken,  show  a  difference  at 
■different  times  of  from  0  to  1  ^  per  cent,  of  carbonic  acid  gas, 
And  from  2  to  3  per  cent,  of  oxygen.  At  Clermont  a  spring 
which  once  deposited  silica  now  only  yields  hydrous,  oxide  of 
iron.  The  sulphurous  waters  of  the  Bagn^res  de  Luchon 
•change  their  composition  vei^  greatly,  according  to  the  state 
•of  the  barometer,  the  season  of  the  year,  the  prevalence  of 
snow  in  winter,  and  other  causes  Some  waters  periodically 
deposit  oxide  of  iron.  The  spring  of  Saxon,  in  the  Valais, 
•(SwitzerlaBd)  is  sometimes  rich  in  iodine,  and  sometimes 
hardly  contains  a  trace.  This  appears  to  be  connected  with 
emanations  of  certain  gases,  which  bubble  up  through  the 
^ater  at  intervals. 

Water  thus  circulating  through  the  earth,  making  its  way 
•through  strata,  running  down  into  crfevices  and  fissures  in  one 
.place,  and  rising  through  open  channels  to  the  surface  in 
another; — varying  in  temperature,  and  varying  greatly  in 
mineral  contents  ;^^!annot  but  produce  great  influence  on  the 
■rocks  it  traverses.  That  it  is  chiefly  by  such  means  that 
'metals  and  minerals  of  almost  all  kinds,  and  in  all  conditions, 
ihave  been  deposited  in  mineral  veins,  there  can  hardly  be  a 
doubt,  and  it  is  equally  certain  that  by  such  means  deposits 
•once  made  have  often  been  greatly  modified,  altogether  re- 
■moved,  or  replaced,  atom  by  atom,  by  other  minerals  crys- 
•tallising  naturally  in  different  shapes.  Thus  it  is  that  strata 
ihave  become  metamorphosed,  and  organic  bodies  preserved 
permanently  by  being  sealed  up  and  converted  into  durable 
■etfme.  It  is  by  the  agency  of  water  in  its  course  through  the 
«arth  that  the  work  of  change  on  all  accumulations  of  eveiy 
'kind  is  rendered  easy  and  effectual.  Water  is,  indeed,  the 
recognised  means  by  which  the  various  physical  forces,  or 
rather  the  different  forms  of  physical  force,  can  most  readily 
act.  It  is  always  present — it  makes  its  way  through  every 
rock — it  forms  part  of  every  rock — it  conveys  fresh  material 
Jto,.and  removes  part  of  its  substance  from,  eveiy  rock  that  it 


traverses.  Water  performs  the  same  part  in  the  economy  of 
the  world -that  blood  does  in  the  animal  frame.  Its  use,  as 
seen  on  the  surface,  is  as  nothing  compared  with  its  value  in 
circulating  through  air  and  earth  altogether  out  of  sight. 

In  loolang  at  the  origin  of  the  very  large  supplies  of  water 
present  in  the  earth,  and  often  emitted  under  peculiar  cir- 
cumstances with  great  force  at  a  very  high  temperature,  some 
writers  have  been  led  to  speculate  on  the  possibility  of  there 
being  an  independent  source  of  water  in  the  interior.  There 
seems  no  need  for  such  an  assumption.  Certainly  the  quan- 
tity of  rain  entering  the  earth  is  exceedingly  lai'ger  than  that 
yielded  by  all  known  springs,  and  great  evaporation  must  take 
place,  not  only  from  the  vegetable  soil  but  from  the  surface  of 
rocks  apparently  dry,  to  preserve  a  balance.  That  such  balance 
exists,  and  is  perfect,  is  certain.  There  is  no  proof  that  either 
the  relative  level  of  laud  and  sea,  or  the  quantity  of  water  on 
the  surface  has,  throughout  all  geological  time,  shown  any  tsf 
nation ;  but,  on  the  other  hand,  there  is  nothing  to  justify  vft 
in  assuming  that  such  change  may  not  hare  taken  place. 
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CHAPTER  XII. 

THE  ATMOSPHERE. 

The  earth  and  sea  are  uniformly  covered  with  a  great  but 
unknown  thickness  of  gaseous  matter,  which  is  called  the  at- 
mosphere. Being  gaseous,  it  consists  of  material  particles 
not  held  together  by  the  force  of  cohesion,  but  it  is  not  the 
leas  made  up  of  atoms  capable  of  forming  solids.  A  hundred 
parts  of  pure  atmospheric  air,  in  a  dry  state,  contains  23  parts 
by  weight  of  oxygon  and  77  parts  uiuijgen.  One  hundred 
volumes  of  dry  air,  under  ordinary  conditions,  contain,  how- 
ever— 

Nitrogen     ........    79-12  volumes. 

Oxygen 20-80 

Carbonic  acid  .  .  .  .  .  ,  'Oi: 
Carburetted  hydrogen  ....  '04 
Ammonia Trace. 

The  air  being  elastic  in  a  very  high  degree,  and  retained 
dose  to  the  earth  by  attraction  of  gravitation,  is  most  dense 
or  heaviest  when  in  contact  with  the  earth,  and  gradually  less 
and  less  dense  as  it  is  farther  from  the  surface.  At  the  sea  level 
the  average  pressure  of  common  air  equals  that  of  about  30 
inches  of  mercury,  or  34  feet  of  water  (equivalent  to  nearly  15 
pounds  on  every  square  inch  of  surface).  At  the  height  of 
12,000  feet  above  the  sea — an  altitude  surpassed  by  many  of 
the  peaks  of  the  Alps — the  density  is  halved,  or  one  volume 
is  expanded  into  two.  At  such  elevation,  the  column  of  mer- 
cury in  the  barometer,  which  measures  the  atmospheric  pres- 
sure by  balancing  it,  would  therefore  mark  15  inches  instead 
of  30  ;  and  the  actual  pressure  of  the  air  on  each  square  inch 
of  the  earth's  surface  is  reduced  to  7  J  pounds.     The  density 
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is  again  halved  at  a  further  elevation  of  the  same  amount. 
Thus,  even  below  many  of  the  highest  peaks  of  the  Himalayas 
and  the  Andes,  the  barometer  ■would  stand  at  7  J  inches,  and 
the  atmospheric  pressure  would  be  reduced  to  3j  pounds  on 
the  square  inch.  At  an  altitude  of  45  miles,  at  this  rate  of 
reduction,  the  air  would  scarcely  exhibit  any  sensible  density 
or  pressure ;  but  it  does  ngt  follow,  nor  is  it  probable,  that 
there  is  no  part  of  the  atmosphere  above  this  elevation.  On 
the  contrary,  there  is  much  to  render  it  likely  that  an  atmo- 
sphere— capable  of  acting  on  light,  of  interfering  with  and 
causing  sensible  friction  on  foreign  bodies  coming  in  contact 
with  it,  and  of  carrying  on  all  the  ordinary  functions  of  atmo- 
Bpheric  air,  though  with  diminished  intensity, — exists  at  a 
disiance  of  at  least  two  hundred  miles  above  the  sea  level. 

On  the  other  hand,  ware  the  air  inelastic  and  everywhere 
at  the  same  density  as  at  the  sea  level,  its  total  height  would 
not  much  exceed  tive  miles ;  and  as  100  cubic  inches  of  dry 
air,  at  the  temperature  of  60°  F.,  and  under  the  pressure  of 
80  inc'ues  of  mercury,  weigh  30  83  grains,  the  weight  of  the 
whole  bo|dy  of  pure  dry  air  may  thus  be  calculated.  It  has 
been  estimated  to  amount  to  4,850  millions  of  millions  of  tons. 
Such  is  the  quantity  of  matter,  in  an  invisible  and  intangible 
state,  floating  over  tlie  surface  of  land  and  sea,  and  fitting  the 
earth  for  the  habitation  of  organic  beings,  by  enabling  a  cir- 
culation to  be  effected  on  which  all  life  on  the  globe  depends. 

Mixed  with  the  dry  air  (not  chemically  combined)  are  many 
other  substances.  Among  these,  aqueous  vapour,  or  the  vapour 
of  water,  is  the  most  important.  The  proportion  varies  greatly, 
according  to  the  temperature.  Besides  gases,  such  as  carbonic 
acid  gas  and  carburetted  hydrogen,  of  which  a  calculable  pro- 
portion has  been  determined,  and  ammonia,  of  which  there  is 
always  a  trace,  we  must  also  admit  the  presence  of  sulphuretted 
hydrogen,  sulphurous,  hydrochloric  and  nitric  acids,  the  odori- 
ferous principle  of  plants,  the  principle  or  matter  called  ozone, 
the  miasmata  of  marshes,  and  various  gases  liberated  from  vol- 
canoes. There  is  also  some  quantity  of  the  following  bases  :— 
potash,  soda,  lime,  magnesia,  iron,  manganese.  These  are 
known,  but  there  may,  perhaps,  be  many  others. 

All  the  ordinary  phenomena  of  water  are  affected  by  the 
atmosphere,  partly  owing  to  the  incessant  though  variable 
pressure  of  the  air,  partly  to  the  fact  that  air  and  water  are 
mutually  capable  of  absorbing  and  retaining  each  other.   Ther« 
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is  no  water  that  has  long  been  exposed  that  does  not  contain 
a  certain  quantity  of  air.  There  is  no  air  in  a  nntural  state 
that  does  not  contain  aqueous  vapour.  But  the  quantities 
thus  held  vary  extremely,  and  their  effect  on  the  conditions  of 
life  on  the  globe  vary  with  every  change. 

The  gases  that  form  atmospheric  air  are  not  chemically 
combined.  They  are  mixed  mechanically,  and  each  produces- 
an  independent  effect.  And  although  one  gas  is  often  some- 
what heavier  than  another  or  others  with  which  it  may  happen 
to  be  mixed,  there  is  no  tendency  in  the  gases  to  separate,  or 
even  to  become  permanently  changed  in  any  way,  as  by  the 
practical  absorption  of  one  at  the  expense  of  the  other  when 
they  are  capable  of  combining.  Taken  from  whatever  part  of 
the  world,  or  from  whatever  elevation; — brought  from  the 
highest  mountain,  from  the  sea  side,  or  from  the  centre  of 
the  most  thicltly-wooded  glade,  or  obtained  from  the  most 
densely-populated  town, — the  general  proportion  of  oxygen 
and  nitrogen  is  very  nearly  the  same.  It  does  not  seem  easy 
to  account  for  the  perfect  balance  thus  kept  up,  but  of  the  fact 
there  is  no  doubt. 

But  the  pressure  of  the  air,  the  height  and  weight  of  the 
atmospheric  column,  change  exceedingly.  These  matters  vary 
not  only  at  different  elevations,  but  even  on  the  same  level 
and  at  the  same  time,  in  places  not  far  apart,  they  may  be  quite 
unlike.  At  the  same  spot  the  barometric  pressure  often  altera 
from  day  to  day,  and  even  from  hour  to  hour.  These  oscilla- 
tions are  of  two  kinds :  some  are  regular  and  seasonal ;  the 
others  are  irregular,  and  depend  on  changes  going  on  at  a  dis- 
tance. In  certain  latitudes  the  oscillations  are  small,  but 
regular ;  in  others  they  are  large.  Where  they  are  smallest 
and  most  regular,  the  seasonal  changes  are  best  examined. 
Some  are  annual,  some  diurnal.  The  daily  oscillations  attain 
a  maximum  twice  daily  (at  about  9 J  a.m.  and  10 J  p.m.),  and 
a  minimum  also  twice  (at  4  a.m.  and  4  p.m.).  Within  the 
tropics  these  elevations  and  depressions  may  be  observed  very 
readily,  and  are  quite  undisturbed  by  and  independent  of  the 
differences  caused  by  storm  and  by  other  irregular  causes  of 
derangement.  Towards  the  poles  they  cease  to  be  observable,, 
and  perhaps  cease  to  exist,  or  become  inverted.  The  amount 
vnries,  but  is  generally  greatest  at  the  equator,  where  such 
Oscillations  attain  a  range  of  about  one-tenth  of  an  inch. 

'I'he  seasonal  oscillations  are  generally  regular.     In  warm 


-236  AtK. 

•climates,  tiortli  of  the  equator,  the  mean  pressure  diminiihes 
•gradually  from  winter  to  summer.  On  the  east  coast  of  iKe 
■old  world,  from  December  to  June — in  India  and  at  Cairo, 
■from  January  to  July — the  pressure  diminishes,  though  very 
■little.  In  the  West  Indies,  January  to  August  are  the  months 
of  minimum.  The  range,  however,  is  only  about  0"()3  inches. 
In  the  north  temperate  zone  there  are  two  minima,  one  near 
«ach  equinox.  There  are  corresponding  maxima  in  summer 
and  winter,  but  the  summer  maximum  is  lower  than  that  of 
winter. 

The  effect  of  alterations  of  pressure  or  density  of  the  air  is 
greatly  felt  in  reference  to  temperature.  Air,  when  dry,  allows 
heat  to  pass  through  it  without  absorbing  more  than  a  very 
small  proportion.  It  hardly  becomes  warmed  by  the  passaog 
of  any  amount  of  heat  rays.  We  have  already  alluded  to  this 
fact  in  a  former  chapter,  and  it  is  one  of  extreme  importance. 
When  heated,  it  expands  so  rapidly  and  largely  as  to  produca 
immediate  results ;  but  it  is  not  heated  by  radiant  heat.  It 
is  heated  by  conduction,  or  contact  with  heated  matter,  by 
friction  of  its  particles  among  each  other,  and  also  by  compres- 
sion. On  the  other  hand,  it  is  cooled  by  expansion.  These 
facts  are  proved  by  experiment.  Thus,  by  the  sudden  com- 
pression of  air  by  a  piston,  it  is  possible  to  set  tinder  on  fire. 
By  the  sudden  expansion  produced  by  ailmitting  air  into  an 
exhausted  receiver,  ice  may  be  formed.  Heat  radiates  through 
clear  air  into  space,  but  it  immediately  ceases  to  radiate  when 
aqueous  vapour  is  present  in  the  air  in  suffi:Hent  qnnntity. 

The  main  cause  of  the  frequent  oscillation  of  the  barometer, 
and  also  of  tl^e  permanent  difference  that  exists  in  the  mean 
barometric  pressure  at  different  parts  of  the  earth's  surface,  is 
that  the  wjiole  body  of  the  atmosphere  is  made  up  partly  of  air 
and  partjy  pf  VRpqur ;  and  as  vapour,  volume  for  volume,  is 
lighter  than  dry  aii;  and  takes  its  place,  thei  evaporation  due  to 
changes  of  temperature  sensibly  alters  the  pressure.  The  dry- 
air  atmQsphere  is  ttu?  the  heaviest,  and  corresponds  to  a  high 
pressure.  The  vapour-atmosphere  is  the  lightest,  and  when  it 
takes  the  place  of  the  other  the  barometer  shows  it  by  Ming. 
This  is  quite  independent  of  any  alteration  of  the  height  of  the 
column  of  air,  such  as  is  produced  by  the  action  of  the  sun  aud 
moon,  or  hy  the  difference  of  level  at  different  stations. 

To  understand  fully  the  important  influence  of  vapour  in  ■ 
40wering  the  pressure  of  the  air,  it  must  be  remembered  that 
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three-fourths  of  the  atmosphere  is  compressed  within  the  five 
miles  nearest  the  earth,  and  that  dry  air  is  no  less  than  forty 
per  cent,  heavier  than  the  same  volume  of  vapour,  at  the  same 
temperature.  Thus,  the  pressure  of  a  dry-air  atmosphere  heing 
equal  to  that  of  30  inches  of  mercury,  that  of  a  vapour-atmosphere 
replacing  it  would  only  be  21|  inches.  But  if  a  part  of  the 
vapour-atmosphere  be  condensed  into  water,  heat  is  given  off 
by  the  change  in  condition,  and  the  vapour  that  remains,  absorb- 
ing this  extra  heat,  becomes  lighter,  so  that  the  height  of  the 
whole  atmospheric  column  being  the  same,  the  column  of  mer- 
cury in  the  barometer  (representing  the  pressure  of  the  atmo- 
spheric column)  must  sink  still  lower.  Thus,  when  there  is 
constant  precipitation  there  must  be  a  low  barometer. 

An  important  effect  of  altered  pressure  of  the  air  is  a  change 
of  the  temperature  at  which  water  passes  into  a  state  of  ebul- 
lition. It  is  well  known  that  near  the  sea,  and  under  ordinary 
circumstances,  the  thermometer  stands  at  812"  F.,  when  placed 
in  water  that  actually  boils.  It  is,  however,  certain  that  the 
same  liquid  would  pass  into  vapour  at  a  very  different  tempe- 
rature in  a  state  of  vacuum,  for  the  degree  of  pressure  on  the 
surface  greatly  affects  the  operation.  Thus,  as  the  pressure 
of  the  air  diminishes,  the  heat  at  which  ebullition  takes  place 
also  diminishes.  But  we  know,  that  in  ascending  a  mountain 
the  pressure  of  the  atmosphere  diminishes,  and  therefore  also 
the  boihng  point  becomes  lowered.  Professor  Tyndall  relates, 
that  on  the  summit  of  Mont  Blanc  he  found  that  water  boiled 
freely  at  184-95''  F.,  being  about  27<>  F.  lower  than  at  the  sea 
level.  The  lowering  of  the  boiling  point  is  at  the  rate  of  1"  F. 
for  every  590  feet  of  ascent ;  and  elevations  can  be  estimated 
approximately  by  this  method. 

The  temperature  of  the  air  diminishes  on  the  whole  as  we 
ascend  into  the  atmosphere,  but  not  with  regularity,  and  it 
becomes  extremely  low  at  great  elevations.  This  is  due  partly 
to  the  great  expansion  of  the  air  in  its  upper  part,  and  partly 
to  the  diminished  power  of  the  air  to  retain  any  large  quantity 
of  the  heat  radiating  through  it.  The  air,  at  great  elevations, 
is  also  comparatively  dry,  as  the  atmosphere  of  aqueous  vapour 
appears  to  reach  only  to  a  very  small  height  in  comparison 
with  the  whole  atmosphere.  This  is  more  especially  the  case 
when  the  air  is  clear  and  radiation  goes  on  rapidly  through  it. 
Judging  from  the  partial  but  exceedingly  valuable  experiments 
made  by  Mr.  Glaisher  in  balloons,  the  diminution  of  tempe- 
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rature  iu  our  latitudes,  during  the  day,  diminishes  vrith  the 
height.  Thus,  the  depression  is  7'8°  F.  for  the  first  thousand 
feet,  only  5'3°  F.  between  the  first  and  second  thousand,  and 
still  less  for  greater  heights.  From  14,000  to  15,000  feet  the 
diminution  amounts  only  to  SI",  and  from  28,000  to  29,000, 
it  has  become  reduced  to  OS"  F.  There  are,  however,  occa- 
sional strata  much  warmer,  and  others  cooler,  than  strictly  be- 
long to  elevation. 

After  sunset  the  case  is  different.  About  the  time  of  sun- 
set the  temperature  varies  very  little  for  a  height  of  2,000  feet 
Later  in  the  night,  with  a  clear  sky,  it  increases  with  increase 
of  elevation ;  and  even  with  a  cloudy  sky  it  increases  also,  but 
more  slowly.  On  one  occasion  when  an  ascent  was  made  just 
before  sunset,  and  another  just  after  sunset,  it  appeared  that 
after  radiation  had  set  in  the  heat  passed  upward  till  arrested 
at  the  point  where  the  air  was  saturated  with  vapour,  at  which 
point  a  heat  greater  by  5o  was  experienced  after  sunset  than 
at  the  same  elevation  (6,000  feet)  before  sunset.  Judging  from 
recent  observations,  the  sun's  heat  reflected 'from  the  moon, 
when  shining,  produces  the  somewhat  singular  result  of  cooling 
the  earth.  Such  heat  would  be  absorbed  by  our  atmosphere 
before  reaching  the  earth,  and  thus  tend  to  disperse  cloud. 
Increased  radiation  from  the  earth  would  follow,  and  be  indi- 
cated by  a  lower  thermometer. 

The  relations  of  the  air  to  light  are  not  leas  remarkable  or  inte- 
resting than  those  that  refer  to  temperature  and  pressure.  Air 
transmits  a  very  large  proportion  of  the  solar  rays  that  fall  upon 
it  under  favourable  circumstances,  but  it  always  absorbs  or  in- 
tercepts some.  Thus,  of  10,000  rays  of  light  entering  the  at- 
mosphere, it  appears  that  upwards  of  8,000  arrive  at  a  given 
point,  if  they  fall  perpendicularly  through  clear  air.  If  the 
angle  be  60  the  number  is  about  7,000,  while  it  is  less  than 
3,000  if  the  angle  be  as  small  as  70.  Lastly,  it  is  estimated  that 
only  five  rays  out  of  the  ten  thousand  make  their, way  to  the 
earth  through  a  horizontal  stratum  of  air.  It  is  familiar  to 
every  one  that  the  face  of  the  rising  or  setting  sun  can  be 
readily  looked  at  by  the  naked  eye,  whereas  its  noon- day  efful- 
gence would  immediately  produce  blindness.  In  the  case  of 
reflected  and  distant  light,  a  large  number  of  rays  are  always 
reflected  and  dispersed,  appearing  to  be  absorbed  or  resolved 
into  some  other  form  of  motion  in  passing  through  the  matter 
that  makes  up  our  atmosphere.  This  is  the  case  even  under 
the  most  favourable  circumstances,  while  under  less  favourable 
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conditions  hardly  any  rays  reach  the  surface  ;  so  that  such  ob- 
jects are  imperfectly  distinguished  or  not  seen  at  all. 

But  the  rays  that  do  not  fall  vertically  are  not  only  absorbed 
to  a  larger  extent  but  they  are  bent  aside  in  their  course. 
This  bending  is  called  refraction.  It  is  greater  in  proportion 
to  the  density  of  the  transparent  material  through  which  the 
light  passes ;  and  thus,  in  the  case  of  atmospheric  air,  whose 
density  is  constantly  and  regularly  increasing  from  the  outer- 
most and  thinnest  film  of  the  atmosphere  to  the  earth,  the 
ray  of  light  is  bent  in  a  curve,  so  that  the  direction  of  a  ray  at 
any  part  of  its  progress  appears  to  be  that  of  a  tangent  at  that 
point  to  its  actual  coui-se.  Lastly,  all  rays  of  white  light  en- 
tering the  air  being  made  up  of  coloured  rays  in  certain  pro- 
portion, which  are  differently  affected  by  the  air  through  which 
■they  pass,  the  light  that  reaches  the  earth  is  more  or  less 
tinted  with  colour,  according  to  the  quantity  of  air  passed 
through  and  the  quantity  of  vapour  in  the  air. 

The  course  of  a  ray  of  light  in  its  progress  to  the  earth  may 
be  thus  briefly  described  : — 

The  ray  falling  on  the  uppermost  limits  of  the  atmosphere 
meets  there  an  elastic,  transparent  gas,  in  a  state  of  extreme 
tenuity.  On  iirst  emerging  from  the  lumiuiferous  ether  into 
this  more  dense  medium,  a  small  part  is  reflected  back  into 
space,  and  a  part  is  dispersed  and  absorbed,  but  the  rest,  as  it 
enters,  is  somewhat  bent  down  from  its  course.  As  it  proceeds 
onwards  the  medium  becomes  constantly  more  dense,  and  the 
ray  becomes  more  deflected,  while  reflection,  dispersion,  and 
absorption  continually  take  place.  The  light  that,  in  the  ab- 
sence of  the  atmosphere,  would  have  arrived  in  a  straight  line 
from  the  sun,  leaving  all  surrounding  space  dark,  is  dispersed 
through  the  surrounding  medium,  which  is  more  or  less  illu- 
minated. Of  the  portion  reaching  the  earth,  part  is  absorbed, 
and  the  rest  lights  up  the  solid  surface.  This  latter  part  being 
reflected  by  the  various  substances  on  which  it  impinges,  either 
passes  back  into  space  oris  converted  into  some  other  form  of  mo- 
tion. The  partial  illumination  of  the  very  young  moon  is  pro- 
duced by  light  thus  reflected  from  the  earth.  This  description 
is  applicable,  whether  we  regard  the  ray  of  light  as  material  or 
as  a  group  of  undulations  in  an  ether  pervading  all  space. 

In  consequence  of  the  partial  dispersion  of  light  by  means 
of  the  atmosphere,  we  obtain  all  those  varieties  of  half-shade 
which  enable  us  to  make  use  of  organs  of  vision  constructed 
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as  are  our  eyes.  Were  it  not  for  this,  we  should  constantly 
have  either  full  broad  and  dazzling  light,  or  deep  black  shadow 
and  impenetrable  darkness.  The  objects  in  nature  actually 
emitting  light  are  few,  and  with  the  exception  of  the  sun  they 
are  only  available  at  intervals,  except  by  artificial  means ;  so 
that  in  those  parts  of  the  world  in  which,  from  their  position, 
the  sun  is  long  absent  in  the  winter  season,  or  where  clouds 
obscure  its  face  for  a  large  part  of  certain  seasons,  the  inhabi- 
tants would  have  to  exist  in  total  darkness.  It  iS  in  conse- 
quence of  the  quantity  of  light  that  is  dispersed  and  reflected' 
within  the  atmosphere  itself  from  the  molecules  of  air,  or  from 
the  particles  of  aqueous  vapour  always  present  in  the  atmo- 
sphere, that  there  cannot  be  found  at  any  hour  of  the  longest 
night,  or  at  any  season,  a  total  absence  of  light.  Owing  to 
the  same  cause  there  are  no  sudden  transitions  from  darkness 
to  light  or  from  light  to  darkness,  such  as  if  they  occurred 
would  be  injurious  to  our  organs  of  sight. 

The  ordinary  phenomena  of  twilight  will  illustrate  this  fact. 
It  is  in  the  parts  of  the  earth  where  the  nights  are  longest, 
and  where  the  darkness  of  winter  would  be  uninterrupted  by 
a  single  ray  of  light  from  the  sun,  that  the  light  is  continued 
in  twilight  for  the  longest  time  after  the  sun  has  set  and  before 
it  has  risen. 

During  a  fine,  clear,  calm  winter's  day,  in  high  latitudes,  as 
the  sun  approaches  the  horizon  the  sky  becomes  yellow  and  red, 
v\hile  at  the  zenith,  or  just  overhead,  it  is  whitish  and  less 
clear  than  during  the  day.  A  warm  red  tint  often  prevails, 
and  may  be  observed  long  after  the  sun  has  disappeared,  and 
glorious  but  fleeting  colours  may  be  watched  as  the  clouds, 
form  in  layers  or  masses,  apparently  following  the  sun's 
course.  For  hours  after  the  body  of  the  sun  is  below  the 
horizon  the  light  of  the  sun,  shining  on  the  higher  portion  of 
the  atmosphere,  is  refracted  or  reflected,  and  continues  to  give- 
some  light  to  the  regions  where  direct  sunlight  has  ceased. 
This  twilight,  as  it  is  called,  is  repeated  in  the  morning ;  and 
thus  much  of  the  earth  becomes  habitable  that  would  otherwise- 
be  utterly  unadapt^d  for  the  development  of  life.  Other  par- 
tial illuminations  of  the  sky  in  high  latitudes  are  obtained; 
but  the  chief  source  of  the  light  in  those  parts  of  the  earth 
must  certainly  be  the  refraction,  the  reflection,  and  the  disper- 
sion of  the  rays  of  the  sun  as  they  enter  and  advance  through 
tlie  atmosphere.    In  the  tropics  there  is  hardly  any  twUighl; 
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darkness  almost  immediately  succeeding  and  preceding  full 
sunlight.  The  long  nights  of  winter  within  the  north  polar 
circle  are  illuminated  by  almost  incessant  aurorse,  and  this  is 
also  probably  the  case  within  the  Antarctic  regions.  The 
zodiacal  light  is  another  source  of  illumination.  The  subject 
of  the  twilight,  and  also  that  of  the  magnetic  storms,  of  which 
the  aurora  is  an  indication,  is  one  of  considerable  interest,  as 
leading  to  a  knowledge  of  the  final  limit  of  the  earth's  atmo- 
sphere. 

The  twilight  by  reflection  is  limited  to  the  position  of  the 
sun,  which  ceases  to  give  light  to  the  vapours  and  other  sub- 
stances in  the  air  when  more  than  15"  below  the  horizon. 
The  more  obliquely  he  descends,  however,  the  longer  he  will 
take  to  reach  this  position ;  and  thus,  in  high  latitudes,  there 
is  at  all  seasons  a  longer  twilight  than  within  the  tropics, 
where  the  sun's  path  is  almost  vertically  through  the  zenith 
at  noon,  and  it  appears  to  describe  a  great  circle. 

The  ordinary  phenomena  of  refraction  as  exhibited  in  the 
atmosphere,  are  greatly  affected  by  the  quantity  and  distribu- 
tion of  the  aqueous  vapour.  Under  certain  circumstanceSj 
and  in  certain  conditions  of  the  air  in  this  respect,  very  curious 
instances  of  complicated  refraction  and  reflection  take  place. 
Optical  illusions  are  thus  produced,  some  of  which  are  difiBcult 
of  explanation.  The  word  mirage  has  been  applied  to  these 
phenomena  by  the  French,  and  there  is  no  exact  synonym  in 
our  language. 

The  illusions  of  mirage  differ  according  to  circumstances. 
They  axe  most  remarkable  where,  either  from  heat  or  cold, 
(generally  in  the  vicinity  of  water),  distinct  strata  of  aqueous 
vapour  are  formed  in  the  atmosj)here,  or  where  variations  of 
temperature  and,  therefore,  of  density  are  extreme.  Thus  on 
the  coasts  of  Italy  and  sometimes  in  England,  in  the  wild 
mountains  of  Scotland  and  in  the  Hartz,  in  the  burning  desert 
of  Africa  and  in  the  frozen  seas  of  the  poles,  these  phenomena 
have  been  recognised.  They  are  sometimes  exceedingly 
strange  and  even  startling  in  their  character,  presenting  an 
•mage  of  what  really  exists,  but  is  entirely  out  of  the  range  of 
jtdinary  vision.  Sometimes,  also,  they  exhibit  parts  of  objects 
broken,  distorted,  and  out  of  place  ;  sometimes  they  confuse, 
in  a  singular  manner,  the  true  outlines  of  objects.  Occasion- 
ally they  present  a  gorgeous  and  fairy-like  spectacle — superb 
palaces,  with  their  balconies  and  windows  resting  on  the  bosom. 
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of  the  broad  ocean ;  lofty  towers  near  them,  herds  and  flocks 
grazing  in  wooded  valleys  and  fertile  plains,  armies  of  men  or 
fiingle  figures  on  horse-back,  or  on  foot ;  multiplied  fragments 
of  buildings,  columns,  pilasters  and  arches;  ships  and  churches, 
all  mingled  in  wild  confusion,  or  shown  in  clear  outline  as 
moving  shadows,  or  fringed  with  red,  yellow,  or  blue  light. 
The  Fata  Morgana,  seen  in  the  Straits  of  Messina,  the  Spectre 
«f  the  firocken,  and  a  number  of  other  local  names  have  been 
given  to  instances  of  mirage.  Singular  efifects  of  refraction 
through  heated  air  are  seen  sometimes  in  the  neighbourhood 
«f  volcanoes,  whence  hot  vapours  are  rising  continually. 

There  appear  to  be  three  distinct  causes  of  this  curious  phe- 
momenon — vertical  reflection,  horizontal  reflection,  and  that 
variety  of  refraction  which  may  be  called  suspension,  inasmuch 
-as  it  appears  to  lift  out  of  their  places  the  objects  exhibited  by 
its  means. 

The  most  simple  cause,  that  of  reflection,  often  produces 
ite  effects  in  hot  sandy  deserts,  after  the  soil  has  become 
heated  by  the  sun.  In  such  cases  the  prospect  seems  bounded 
hy  a  sheet  of  water,  and  underneath  each  object,  such  as  a 
village  or  a  clump  of  trees  on  a  small  eminence,  a  reflection  is 
■seen  as  if  from  water.  A  singular  efiect  of  this  kind  is  de- 
•scribed  by  Captain  Maunday,  as  seen  in  India.  "A  deep, 
precipitous  valley  below,  at  the  bottom  of  which  I  had  seen 
one  or  two  miserable  villages  in  the  morning,  bore  in  the 
evening  a  complete  resemblance  to  a  beautiful  lake.  The 
tipour  which  played  the  part  of  water  ascended  nearly  half 
■way  up  the  sides  of  the  vale,  and  on  its  bright  surface  trees 
rand  rocks  were  distinctly  reflected." 

In  horizontal  reflections  the  image  is  moved  as  it  were 
sideways.  In  this  manner  Dover  Castle  has  been  seen  com- 
plete from  near  Ramsgate,  although  there  is  between  the  two 
places  a  hill  which,  under  ordinary  vision,  intervenes,  and  cuts 
•off  part  of  it.  Thus,  too,  the  French  coast,  with  its  clife  and 
villages,  has  been  seen  from  Hastings,  although  the  distance 
is  sufficiently  great  to  render  it  impossible  to  come  -srithin 
'Ordinary  vision.  A  person  standing  on  a  cliff  facing  the  sea, 
with  no  other  cliff  in  sight,  has  seen  the  cliff  on  which  he  was 
standing,  together  with  his  own  figure  and  that  of  various 
■objects  by  his  side,  reflected  as  if  from  a  mirror.  This  has 
been  noticed  at  Brighton,  at  sun-rise,  in  the  month  of  Novem- 
ber, during  the  existence  of  a  dense  fog  on  the  sea,  some  yards 
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in  height.  In  the  month  of  August,  again,  about  9  p.m.,  a 
young  lady  on  a  hill  in  "Wales  saw,  on  one  qccasion,  her  own 
image  reflected  from  a  wet  spot  a  few  yards  from  her,  on 
which  a  thin  mist  was  rising.  The  image  reflected  was  suifi- 
ciently  distinct  to  show  colour,  and  was  seen  by  others  seated 
an  a  carriage  at  a  little  distance  as  well  as  by  the  lady  herself. 

The  phenomena  of  suspension  are  even  more  remarkable. 
The  simplest  example  is  what  is  called  "  looming,"  very  often 
seen  at  sea.  The  image  in  this  case  is  unnaturally  large,  and 
seen  immediately  above  its  true  place.  This  happens  in  the 
•case  of  sea  fog,  and  is  very  deceptive,  as  a  rook  may  assume 
the  appearance  of  a  lofty  cliff.  Often  it  is  inverted.  Captain 
"Scoresby  describes  that  he,  on  one  occasion,  distinctly  recog- 
nised his  father's  ship  at  sea,  by  its  inverted  image  in  the 
air,  although  the  distance  between  the  two  ships  was  as  much 
as  thirty  miles,  and  the  ship  was,  therefore,  far  below  the 
horizon  of  the  place  from  which  it  was  observed. 

All  these  appearances  and  a  multitude  of  others,  modificEt- 
tions  of  them,  that  have  been  observed  and  described,  depend 
•on  the  existence  of  difierent  strata  in  the  lower  part  of  the  at- 
mosphere, and  this  difference  may  be  occasioned  either  by  heat 
•or  aqueous  vapour.  The  air  may  be  warmed  by  the  heat  re- 
ceived from  a  plain  or  mountain  side,  either  from  the  sea  or  the 
land,  and  the  heating  may  take  place  in  such  a  way  as  to  produce 
■either  vertical  columns  or  horizontal  strata  of  vapour.  Thus 
mirage  may  occur  in  very  different  situations,  in  any  part  of 
the  world,  and  with  the  most  varied  appearances.  It  is,  also, 
evident  that  any  cause  which  re-establishes  the  equilibrium  of 
density  in  the  different  portions  of  the  atmosphere  must  cause 
the  illusions  of  mirage  to  vanish.  Calm  is  essential  to  the 
phenomenon,  but  this  calm  may  be  the  immediate  precursor 
■of  a  tempest.  Thus,  under  some  circumstances,  mirage  itself 
comes  to  be  regarded  as  symptomatic  of  change  in  the  weather. 

The  colour  of  the  atmosphere  depends  on  the  quantity  of 
aqueous  vapour  contained  in  it  in  proportion  to  the  tempera-^ 
■tare.  Near  the  earth  the  sky  in  clear  weather  is  blue,  tending 
•to  shades  of  grey  on  the  one  hand  and  the  deepest  indigo  on 
the  other.  The  true  cause  of  the  azure  colour,  so  character- 
fetic  in  certain  countries,  is  probably  due  to  the  colour  of  the 
irater  contained  in  it.  It  would  seem  Irom  experiment  that 
•pure  water,  aqueous  vapour  and  ice,  all  absorb  the  same  class 
of  rays,  and  thus  the  colour  of  aU  is  alike.     The  air  deepens 
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in  tint  at  great  elevations,  and  becomes  almost  jet  black,  or 
colourless,  at  the  tops  of  high  mountains  or  in  the  upper  re- 
gions of  the  atmosphere  reached  during  balloon  ascents. 

The  breaking  up  of  the  rays  of  white  light  into  coloured  ray* 
is  an  optical  phenomenon  already  explained,  and  it  does  not 
belong  to  our  present  subject.  It  is,  however,  necessary  to- 
allude  to  it  in  reference  to  certain  atmospheric  appearances  of 
considerable  interest.  The  colours  of  the  clouds  and  the  sky, 
the  occasional  rainbow,  the  halo  that  often  surrounds  the 
moon,  parhelia  or  false  suns— ^all  these  are  dependant  on  the^ 
breaking  up  of  the  light  that  comes  from  the  sun  by  the  par- 
ticles of  water  contained  in  the  air.  Of  all  these  the  rainbow 
is  the  most  brilliant  and  remarkable.  It  is  a  portion  of  a. 
circle  made  up  of  concentric  bands  of  coloured  light  arranged; 
as  in  the  solar  spectrum,  the  lower  or  innermost  band  being- 
violet.  This  bow  is  visible  only  when  the  sun  or  moon  is 
shining,  and  when  rain  is  at  the  same  time  falling,  the  spec- 
tator being  placed  with  his  back  to  the  luminary,  and  observingr 
the  falling  rain.  Outside  the  principal  bow  a  second,  some- 
what fainter  and  with  inverted  colours,  is  sometimes  seen. 
Much  more  rarely  a  third  bow  may  be  distinguished,  yet . 
fainter,  and  with  the  colours  in  the  same  order  as  the  first. 

The  cause  of  the  rainbow  is  as  follows  . — A  ray  of  sunlight 
entering  a  drop  of  water  as  it  is  falling  towards  the  earth  is- 
refracted  as  it  enters,  reflected  from  the  inside  of  each  drop 
opposite  the  point  at  which  it  enters  and  again  refracted  on 
emergence.  By  these  refractions  and  reflection  the  ray.  is. 
broken  up,  and  only  a  part  or  one  colour  will  reach  the  eye  of 
the  spectator.  The  same  being  the  case  with  other  drops  the 
eye  will  see  only  a  band  of  coloured  light,  having  an  apparent 
breadth  about  equal  to  four  and  a  half  times  the  sun's  apparent 
diameter  in  the  case  of  the  inner  bow,  and  an  outer  band 
about  half  as  large  again.*  Eainbows  are  sometimes  seen  in 
■waterfalls,  and  even  in  fountains,  where  the  spray  produced  by 
the  fall  acts  the  part  of  the  drops  of  rain. 

The  atmosphere  allows  the  rays  or  waves  producing  light  to- 
pass  freely  through,  and  interferes  but  little  with  their  pro- 
gress, but  its  own  component  atoms  are  subject  to  waves  or 
vibrations  propagated  through  it  much  more  slowly,  and  re- 
cognised by  our  sense  of  hearing.     All  sound  is  the  result  of 

*  These  proportionB  and  the  mathematioal  proofs  of  the  phenomeaa 
of  the  rainbow  will  be  found  in  optical  workii. 
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■wch  ■vibrations  of  particles  of  air.  The  motion  consists,  not 
in  the  shifting  of  the  atoms  bodily  in  space  in  the  direction  of 
the  advancing  sound,  but  in  producing  oscillations  backwards 
and  forwards,  owing  to  the  free  condition  of  the  atoms  and  the 
leady  transmission  of  motion  from  one  to  another.  AU  sound 
is  connected  with  and  communicated  by  ■vibration,  and,  indeed, 
consists  of  it,  but  water  and  solid  matter  also  transmit  sound 
leadily,  some  solids  even  more  rapidly  than  air.  The  trans- 
mission of  sound  is,  however,  checked  and  interrupted  in  pass- 
ing from  one  medium  to  another,  and  it  is  only  through  the 
atmosphere  that  it  is  conveniently  conveyed.  From  the 
nature  of  the  case  sound  cannot  travel  through  a  vacuum. 

The  velocity  of  sound  through  the  air  is  uniform  and 
independent  of  its  loudness,  but  whatever  increases  the  elas- 
ticity of  the  air,  accelerates  the  rate  of  vibr  tion.  Thus  sound 
travels  faster  in  warm  weather  than  cold.  At  the  temperature 
of  60°  F.,  the  speed  is  1,120  feet  pel  *cond,  while  at  the 
freezing  point  (320  f .)  the  rate  is  redixed  to  1,0B9  feet  in 
the  same  time.  It  is  an  interesting  fact,  and  a  curious  illus- 
tration of  the  identity  of  heat  with  motion,  that  the  rate  of 
•speed  of  sound  is  fester  in  practice  than  would  appear  from 
.the  calculated  formula,  unless  the  formula  be  corrected  by 
allowing  for  the  increased  rate  of  progress,  in  consequence  of 
the  heat  resulting  from  the  compression  of  the  air  during  the 
transmission  of  the  wave.  The  actual  rate  at  which  sound 
travels  is  thus  about  one-sixth  greater  than  it  would  have  been 
if  the  temperature  had  remained  unaltered  during  the  com- 
(pression  of  the  atmosphere   produced  by  the  advancing  wave. 

The  atmosphere  is  absolutely  essential  to  the  various  forms 
of  life  that  exist  on  the  globe,  so  that  not  even  the  simplest 
form  of  animal  or  vegetable  organisation  could  perform  its 
functions,  but  for  this  all-pervading  medium.  The  phenomena 
of  physical  life  may  almost  be  said  to  consist  of  chemical 
changes,  induced  by  the  combination  of  the  oxygen  of  the 
.atmosphere  with  carbon  derived  in  some  way  from  the  earth. 
Even  in  such  animals  as  the  medusa,  a  jelly-fish  growing  oc- 
.tasionally  to  an  enormous  size,  and  weighing  many  pounds, 
tut  not  containing  more  than  a  few  grains  of  any  obtainable 
-solid,  the  relation  of  the  material  particles  and  the  history  of 
Ufe  seems  still  the  same.  In  them,  as  in  the  lichen  on  the 
rock, — in  the  tree,  as  in  man,  the  actual  and  essential  pheno- 
caena  of  life  are  the  same.     By  the  oxygen  of  the  atmospha:e 
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combining  Tvith  carbon,  life,  as  well  as  heat,  is  evolved.  By 
help  of  air,  the  marine  animal  and  the  aquatic  plant,  as  well 
as  the  quadruped  and  the  tree,  are  enabled  to  live,  and  perform 
all  those  various  functions  that  belong  to  them.  The  atmos- 
phere is,  in  this  respect,  an  essential  feature  in  the  constitution 
of  our  globe,  and  however  we  may  speculate  on  the  possibility 
of  the  existence  of  sentient  and  intelligent  beings  in  otheE 
planets,  we  cannot  form  a  notion  of  what  that  material  life  may 
be,  which  is  independent  of  air. 

There  are  many  very  curious  results  of  atmospheric  action 
on  light,  besides  its  dispersion  and  refraction.  Polarisation  is 
one  of  these,  and  must  be  briefly  referred  to  here  as  being  not 
without  importance  in  the  economy  of  nature,  although  it 
belongs  but  to  a  small  extent  to  Physical  Geography.  Wheo 
a  beam  of  light  is  admitted  into  a  dark  room  tliough  a  cir- 
cular aperture,  and  reflected  from  a  mirror,  it  might  be  sup- 
posed that  the  reflection  would  take  place  in  the  same  way, 
and  with  the  same  intensity,  above  or  below,  to  the  right  hand 
or  to  the  left,  according  to  the  position  of  the  reflector,  and 
that  the  beam  of  light  would  be  unaltered.  This  is  not  exactly 
the  case,  for  if  it  be  reflected  at  a  certain  angle,  varying  with 
the  nature  of  the  reflecting  surface,  it  will  acquire  fresh 
properties,  as  if  it  became  rather  like  a  flat  ruler  than  a 
cylindrical  beam  of  which  the  section  is  a  circle.  Ee- 
fraction,  alone,  under  some  circumstances,  will  bring  about  a 
like  result.  Thus,  when  double  refraction  takes  place,  as 
through  a  transparent  plate  of  Iceland  spar,  of  the  two  beams 
that  emerge,  one  is  thus  altered,  but  the  other  is  not.  The 
former  is  said  to  be  polarised,  and  a  multitude  of  curious  effects 
follow,  which  we  have  here  nothing  to  do  with.  Light,  re- 
flected from  glass,  at  an  angle  of  56°,  or  from  water  at  53*45', 
becomes  polarised,  and  such  rays  of  polarised  light  will  not 
pass  through  certain  substances  which  are  quite  transparent  to 
ordinary  light,  so  that  the  nature  of  these  rays  is  considerably 
modified,  and  their  properties  are  changed. 

The  polarising  angle  of  air  is  a  little  above  45*.  Thus,  those 
rays  from  the  sun  that  impinge  on  the  air  at  this  angle,  are 
altered  and  flattened,  while  the  others  remain  as  before.  Near 
the  sun's  place,  and  opposite  to  the  sun,  the  polarisation  is  at 
a  minimum,  and  in  every  part  of  a  great  circle  90*  from  the 
eun,  it  should  be  at  a  maximum.  The  light,  therefore,  that 
jiasses  through  a  certain  part  of  the  atmosphere,  and  reaches 


THE    ATM08PHERK.  247 

the  earth,  is  all  more  or  less  polarised,  and  the  result  is  not 
•without  importance  in  many  ways.  Those  parts  of  the  sky 
where  the  polarisation  is  not  produced,  are  called  neutral 
points.  There  are  several  such  points,  hut  one  only  is  impor- 
tant. They  do  not  exactly  coincide  with  the  anti-solar  points, 
(the  positions  they  would  tiieoretically  assume)  in  consequence 
of  the  effect  of  refraction.  The  most  important  of  them  is  95" 
to  SO"  above  the  anti-solar  point.  Another  is  18 J"  above  the 
anti-solar  point. 

Without  entering  into  any  technical  explanation  of  these 
curious  conditions  of  the  atmosphere  in  its  action  on  light,  it 
must  be  evident  that  they  cannot  exist  without  exercising 
much  influence  on  the  nature  of  the  rays  that  reach  the  lower 
part  of  the  air,  and  are  reflected  back  from  the  earth.  It  is 
not  easy  to  acquire  a  due  notion  of  the  value  of  changes  of  this 
kind,  for  we  can  hardly  even  guess  at  the  extent  to  which  they 
act,  in  reference  to  life  in  all  its  forms.  We  can  only  allude 
to  them,  and  point  out  to  the  reader  that  there  is  still  abun- 
dant room  for  discovery  and  speculation  in  this,  as  in  so  many 
departments  of  physical  science. 

The  conditions  of  the  upper  part  of  the  atmosphere  have  been 
made  known  of  late  years  with  great  accuracy  in  the  latitudes 
of  England,  by  ascents  effected  in  balloons.  It  has  been  found 
possible  to  reach,  in  this  way,  a  height  of  more  than  six  miles 
iibove  the  earth  (more  than  the  highest  peak  of  the  Himalayans), 
and  this  being  effected  in  a  country  far  removed  from  lofty 
mountains,  the  results  possess  great  value,  at  least  so  far  as  the 
condition,  over  a  district  so  exceptional  as  England,  can  be  re- 
garded as  normal.  The  temperature,  at  the  highest  elevation 
reached,  was — 270  Q.,  (—16 J  F.)  and  the  pressure  of  the  air 
enormously  reduced.  The  temperature  was  found  to  diminish, 
at  first,  at  the  rate  of  1°  C.  (1.8o  F.)  for  every  60  yards  of 
ascent,  but  gradually  the  space  required  to  lower  the  ther- 
mometer one  degree  became  increased,  till  it  reached,  at 
length,  600  yards.  Certain  modifications  of  this  law,  observed 
at  low  elevations  near  sunset,  have  been  already  alluded  to. 
(See  page  238.)  This  or  some  analagous  law  may  hereafter 
be  discovered  to  range  beyond  the  limits  of  our  earth  and  its 
atmosphere,  and  it  seems,  at  any  rate,  certain  that  a  great 
absence  of  heat  must  characterise  the  inter-planetary  spaces. 

A  great  and  important  change  was  also  observed,  during 
these  balloon  ascents,  in  the  appearance  of  the  prismatic  spec- 
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tmm  in  the  upper  part  of  the  atmosphere,  By  means  of  the 
spectroscope,  an  instrument  specially  contrived  for  that  pur- 
pose, the  number  of  dark  lines  in  the  spectrum  was  found  to 
be  much  greater  at  high  elevations  than  near  the  earth's  sur- 
face, the  number  of  lines  increasing  to  such  an  extent  that 
they  could  not  be  counted.  It  would  seem  that  these  lines,  or 
dark  spaces,  must  be  much  more  clearly  marked,  and  there- 
fore more  indicative  of  the  origin  of  Mght,  in  the  absence  of 
the  atmosphere,  than  their  appearance  in  the  interrupted  state 
in  which  tiie  rays  reach  the  earth  would  lead  us  to  suppose. 

The  atmosphere  acts  not  only  on  the  light-rays  proceeding 
from  the  sun,  but  also,  though  in  a  different  degree,  on  the 
heat-rays,  and  on  those  that  involve  chemical  action.  With 
regard  to  the  heat  rays,  it  is  estimated  that  the  atmosphere  in 
its  ordinary  state  intercepts  about  four-tenths  of  the  whole: 
but  this  is  only  a  general  average,  the  result  being  different  in 
different  latitudes  and  different  states  of  the  air.  The  direct 
heating  effect  of  a  vertical  sun  at  the  sea  level  is  sufficient  to 
melt  half  an  inch  of  ice  per  hour ;  and  thus  it  is  one  mode  of 
expressing  the  influence  of  solar  heat  to  say,  that  in  one  year 
it  would  liquefy  a  shell  of  ice  a  hundred  feet  thick  coating  the 


The  probable  influence  of  the  heat  reflected  from  the  moon 
when  approaching  full  has  been  already  alluded  to  (p.  238),  as 
indicated  by  an  actual  cooling  of  the  earth's  surface.  The 
maximum  effect  is  estimated  at  about  two  and  a  half  degrees 
of  Fahrenheit. 


CHAPTER  XIII, 
WINDS  AND  STORMS. 

The  surface  of  the  land  and  sea  at  the  bottom  of  an  aerial 
ocean,  composed  partly  of  dry  air  and  partly  of  aqueous  vapour, 
is  very  differently  affected  by  the  sun's  rays  in  different  places 
and  at  different  times.  The  dry  air  is  transparent  to  heat  as 
well  as  light.  The  vapour-atmosphere,  on  the  other  hand, 
becomes  warmed  by  the  heat-rays,  whose  passage  is  obstructed 
on  entering  it.  Radiation,  in  like  manner,  is  very  different, 
according  to  the  state  of  the  atmosphere  for  dryness.  There 
is  thus  one  cause  perpetually  acting  which  produces  movement 
in  the  atmosphere  by  unequal  warming  and  determines  currents 
of  air ;  for  wherever  any  part  of  the  atmosphere  is  warmed  it 
■will  become  lighter,  being  lighter  it  will  rise,  and  its  place  will 
be  supplied  by  cooler  air  adjacent. 

The  heating  effect  of  the  sun's  rays  varies  also  very  greatly, 
according  to  the  angle  at  which  these  rays  enter  the  atmosphere 
and  reach  the  earth.  At  noon,  on  the  equator,  when  the  sun 
is  vertical,  the  effect  is  a  maximum.  Towards  the  poles,  the 
rays,  reaching  the  earth  obliquely,  barely  affect  it,  so  far  as 
heating  is  concerned.  Land,  also,  absorbs  heat  from  the  sun's 
rays,  and  becomes  quickly  and  permanently  warm ;  whereas 
water  is  but  little  warmed,  and  tiie  heat  received  is  soon  dis- 
tributed throughout  the  whole  body  of  the  sea  adjacent.  Thus, 
on  the  whole,  the  greatest  effect  from  the  sun's  rays  will  be 
produced  in  a  dry  atmosphere,  on  land,  and  in  the  tropics;the 
smallest  effect  in  a  moist  atmosphere  on  the  ocean  and  near 
the  poles.  Within  the  temperate  zones  the  heat  received  is 
very  sensible,  but  towards  the  poles  it  is  only  m  summer, 
when  the  sun  continues  to  shine  for  several  days  together, 
that  the  temperature  is  high,  while  during  the  long  nights  of 
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Tvinter  the  earth  is  never  vrarmed  at  all :  and  thus  the  different 
parts  of  the  land  on  the  earth's  surface  are  very  differently- 
heated.  But  the  air,  in  contact  with  heated  earth,  soon  ac- 
quires some  of  the  heat  and  becomes  expanded.  In  that  case, 
it  rises  at  once  to  the  higher  and  lighter  part  of  the  atmosphere, 
while  heavier  air  presses  in  to  take  its  place.  And  thus  both 
vertical  and  horizontal  currents  are  excited.  The  water  of  the 
ocean,  however,  becomes  heated  in  time,  especially  in  warm 
climates,  and  this  warm  water  is  driven  across  the  ocean  by 
marine  currents.  It  is  thus  always  in  circulation,  and  both 
land  and  water  are  constantly  affecting  the  air  over  the  whole 
surface  of  the  earth.  The  air  itself  is  kept  in  incessant  motion, 
and  long-continued  calms,  or  districts  where  there  is  no  motion 
in  the  lower  part  of  the  air  for  a  long  time  together,  are  local 
and  exceptional. 

Winds. 

The  land  and  sea  breezes  are  at  once  the  most  regular  and' 
the  simplest  phenomena  of  winds.  In  all  countries  in  warm, 
latitudes  a  wind  sets  in  from  the  sea  about  nine  o'clock  in  the 
morning,  at  first  gently  and  then  steadily.  About  sunset  it 
dies  away :  this  is  the  sea  breeze.  After  sunset,  a  gentle 
breeze  sets  from  the  land  towards  the  sea,  and  continues  till 
sunrise  :  it  is  known  as  the  land  breeze.  The  former  is  due  to 
the  fact  that  when  the  sun  shines,  the  land  being  more  heated 
than  the  sea,  the  air  over  it  becomes  also  hotter,  rises  and 
overflows  at  the  top  of  the  atmosphere.  The  heavier,  because 
less  heated,  air  over  the  sea  pours  in  at  first  slowly,  and  then 
more  steadily,  so  long  as  the  cause  lasts.  After  sunset  the' 
land  radiates  heat  very  freely  and  becomes  cooler  than  the  sea, 
and  the  conditions  are  reversed. 

An  incessant  circulation  of  the  atmosphere  is  kept  up  by  the 
action  of  the  sun  upon  the  earth.  In  a  general  way  this  may 
be  described  as  a  hot  current  rising  from  the  equatorial  regions, 
moving  towards  the  north  and  south  poles  in  the  higher  part 
of  the  atmosphere,  and  returning  as  a  cold  current  from  the 
poles  towards  the  equator.  If  the  earth  were  motionless  and 
the  surface  heated  regularly,  these  two  currents  would  run  di- 
rectly north  and  soat£ ;  but  the  earth,  as  we  know,  rotates  on 
its  axis  from  west  to  east  once  in  twenty-four  hours ;  and  thus 
the  air  at  the  equator  moves  with  the  earth  at  the  rate  of  about 
a  thousand  miles  per  hour. 
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A  disturbing  cause,  however,  may  be  recognised  at  once  in 
the  arrangement  of  the  land  and  its  distribution  in  large  areas- 
situated  very  irregularly  with  regard  to  the  earth's  equator. 
There  being  thus  much  more  land  on  the  northern  than  on. 
the  southern  side  of  the  equator,  and  again  much  more  in  the 
eastern  than  the  western  hemisphere,  the  air  will  not  be  equally 
heated  within  the  torrid  zone,  and  the  tendency  to  rise  and- 
form  one  current,  overflowing  the  atmosphere  towards  the  poles, 
very  much  interfered  with. 

But  there  exists  another  disturbing  cause,  in  the  inequality 
of  level  of  the  land,  and  the  existence  of  lofty  mountain  chain*, 
within  the  tropics.  In  the  eastern  hemisphere  the  mountains,  as- 
we  have  already  shown,  have  an  equatorial,  and  in  the  western- 
hemisphere  a  meridional  direction,  and  thus  affect  very  diffe- 
rently the  currents  of  hot  air  rising  from  the  plains  and  valleys. 
Where  the  mountains  rise  to  a  great  height  their  summits  are- 
cold  and  often  snow-covered,  and  thus  not  only  do  not  add  to. 
the  heat  but  abstract  from  it.  At  the  very  outset,  then,  the 
theoretical  explanation  will  fail  to  meet  the  actual  conditions; 
and  the  student  must  not  expect  to  recognise  in  the  various- 
currents  described  and  existing,  any  very  close  relation  in  detail' 
to  that  just  mentioned. 

The  current  of  hot  air  rising  from  the  equator  and  moving, 
towards  the  north  pole,  to  fill  up  the  vacuum  caused  by  the 
rushing  in  of  the  colder  and  heavier  wind  coming  from  the- 
north,  has  a  double  motive  force.     It  begins  as  a  south  wind, 
moving  toward  the  pole,  but  it  also  moves  with  the  earth  ;  and; 
as  each  particle  of  the  earth's  surface  at  the  equator  moves  at 
the  rate  of  a  thousand  miles  per  hour,  so  each  part  of  the 
atmosphere  has  the  same  motion.    But  as  this  current  advances, 
northwards,  moving  laterally  at  the  rate  just  mentioned,  it. 
reaches  at  each  instant  parts  of  the  earth's  surface  moving 
less  rapidly.     This  is  evident,  since  every  point  at  the  earth's 
surface,  from  the  equator  to  the  pole,  revolves  in  24  hours,  but 
the  circle  of  revolution  gradually  diminishes  from  24,000  miles 
at  the  equator  to  zero  at  the  poles.     The  result  is,  that  the 
current  of  air  in  motion  will  move  in  a  spiral  directed  to  the 
east,  and  be  in  every  part  a  south-west  wind  rather  than  a. 
south  wind.     So,  the  wind  coming  from  the  north  pole  towardi 
the  equator  as  a  north  wind,  will  find  the  earth  as  it  advances 
moving  more  and  more  rapidly  to  the  east,  and  will  appear  to- 
be  a  north-east  wind.     It  is  evident,  that  what  has  here  been 
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■said  of  the  winds  blowing  on  the  north  Bide  of  the  equator,  is 
-equally  applicable  to  those  on  the  south  side.  In  the  latter 
case,  the  upper  current  will  be  a  north-west  and  the  lower 
■current  a  south-east  wind.  It  is  the  lower  current  which  the 
inhabitants  of  the  surface  of  the  earth  have  chiefly  to  consider, 
^or  it  has  acquired  a  sufficient  height  in  temperate  latitudes  to 
■overtop  all  but  the  highest  mountains'. 

We  are  made  aware  of  the  presence  of  the  upper  current, 
■however,  in  various  ways,  independently  of  theory.  They  have 
frequently  carried  the  light  powdery  scoriae,  or-  "  dust "  of  vol- 
canoes to  a  distance  of  more  than  a  thousand  mUes,  in  a 
•direction  opposite  to  that  of  permanent  under  currents.  In 
some  cases,  large  and  heavy  fragments  of  erupted  rock  have 
been  drifted  while  passing  through  the  air,  and  have  fallen  at  a 
•great  distance  from  their  starting  point.  Upper  currents  are 
-also  recognised  by  the  movements  of  clouds,  which  are  often 
seen  to  cross  the  direction  of  the  lower  strata  of  the  atmosphere. 
Lastly,  balloon  ascents  have  yielded  abundant  proof  of  the 
presence  of  air  currents  at  various  elevations,  quite  independent 
of  each  other,  having  very  different  temperature,  and  moving 
with  apparent  steadiness  in  some  fixed  direction. 

The  stream  of  air  which  rises  high  within  the  tropics,  and 
there  commences  its  course  towards  the  poles,  gradually  be- 
comes chilled  and  heavier,  and  descends  lower  and  lower  as  it 
■advances.  At  the  Peak  of  Tenerifife  the  two  currents  may 
both  be  felt.  The  lower  current  coming  towards  the  equator 
from  the  pole  blows  steadily  on  the  sea,  and  for  some  dis- 
tance up  the  mountain  ;  but  near  the  top  the  upper  and  con- 
trary current  is  strongly  felt.  It  has  already  descended  thus 
far,  and  at  length  it  approaches  the  earth.  The  land  of  Europe 
is  greatly  affected  by  this  current.  Thus  we  feel  in  our  part 
■of  the  world  the  influence  of  the  hot  moist  air,  lifted  up  from 
the  Gulf  of  Mexico,  instead  of  receiving  the  hot  dry  winds 
■from  Africa,  as  we  should  do,  were  it  not  for  the  advanced 
^position  of  the  wind,  as  already  explained.  The  winds  that 
■  come  to  us  from  any  direction  have  been  diverted  from  their 
-original  course  many  points  of  the  compass  before  they  reach 
our  shores. 

We  have  spoken  of  the  north-east  and  south-east  winds  pro- 
duced within  a  certain  'distance  on  either  side  of  the  equator 
•by  the  combined  action  of  the  sun's  rays  and  the  earth's  rotar 
♦ion.     These  winds  are  called  the  trade  winds,  as  being  of 
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extreme  importance  to  commerce.  They  have  long  been  fami- 
liar to  navigators,  and  are  among  the  most  steady  and  per- 
manent winds  on  the  earth.  They  are,  however,  by  no  means 
always  equally  strong,  nor  can  they  be  depended  on  towards 
the  limits  of  the  zone  in  which  they  generally  blow. 

Beyond  the  limits  of  the  trade  winds,  and  between  them, 
are  regions  of  calms  and  uncertain  winds.  The  northern  belt 
is  in  a  latitude  about  30"  N.,  and  is  called  by  ^silors  the  horse 
latitudes.  The  barometer  is  said  to  stand  hight.  here  than  at 
a  distance,  either  to  the  north  or  south ;  but  the  belt  is  narrow 
and  changeable.  Beyond  it,  to  the  north,  are  the  south-west 
passage  winds. 

The  southern  trade-wind  region  is  much  larger  than  the 
northern,  in  the  Atlantic  Ocean.  In  this  sea  the  south-east 
trades  are  fresher  and  blow  stronger  than  the  others,  and  often 
reach  to  the  tenth  or  fifteenth  parallel  of  north  latitude  ; 
whereas  the  northern  trade  wind  seldom  gets  south  of  the 
equator,  and  usually  ranges  from  9"  to  iiQ"  N.  latitude.  The 
quantity  of  land  within  these  bmits  of  latitude  is  very  large, 
being  fully  one-third  of  the  whole  circumference  of  the  earth, 
at  that  point.  The  south-east  trade  winds  blow  over  a  belt 
whose  width  of  land  is  r  )t  more  than  one-ninth  part  of  the- 
earth's  circumference,  y'his  great  difference  in  the  quantity 
(rf  land  accounts  for  t'jis  difference  in  the  force  of  these  winds, 
and  also  in  the  quantity  of  aqueous  vapour  they  carry. 

The  trade  winds,  in  certain  localities,  become  greatly  modi- 
fied. Thus,  in  inter-tropical  India  north-east  winds  prevail 
from  November  to  March,  and  south-west  winds  from  April  to- 
October.  During  the  summer,  the  vast  arid  plains  of  central 
Asia,  Tartaiy,  Thibet,  and  Mongolia,  have  become  heated,  and 
the  winds  are  turned  aside  and  converted  during  summer  and 
early  autumn  into  the  south-west  monsoons.  During  the  rest 
of  the  year  they  are  cooled  rapidly  by  radiation.  The  mon- 
soons, therefore,  are  due  entu-ely  to  local  causes. 

The  currents  of  air  once  established,  the  south-west  monsoon 
comes  in  from  the  Indian  Ocean  and  the  Sea  of  Arabia,  loaded 
with  moisture,  and  meeting  the  Ghauts  (a  coast-range  of  India 
surrounding  a  large  part  of  the  peninsula)  its  winds  precipi- 
tate so  much  rain  as  to  make  particular  localities  in  this  dis- 
trict the  wettest  known  spots  ou  the  earth.  As  much  as  from 
twelve  to  fifteen  inches  of  rain  sometimes  fall  in  one  day  on 
the  western  slopes  of  these  hills.    The  whole  of  the  west  coast 
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of  India  is  thus  subject  to  periodical  rains.  Deprived  of  pait 
of  theii  moisture,  these  winds  continue  their  course  to  the 
Himalaya  mountains  as  moderately  dry  winds ;  hut  in  crossing 
the  range  they  become  exposed  to  so  low  a  temperature,  and 
are  lifted  into  regions  where  the  pressure  is  so  much  reduced, 
that  they  deposit  much  snow,  and  become  very  much  drier. 
They  then  pass  on  over  the  great  plains,  containing  so  Uttle 
imoisture  as  rarely  to  form  a  cloud.  They  once  more  become 
warmed,  and  ascend  to  the  upper  air  to  form  counter-currentB 
!to  those  whose  course  has  been  already  traced. 

The  monsoons  differ  from  the  trade  winds  in  being  periodical 
.'and  not  perennial.  They  occur,  not  only  in  the  Indian  Ocean, 
hut  also  in  the  seas  between  Australia  and  China,  and  are 
^always  owing  to  the  same  cause.  Similar  periodical  winds, 
also  called  monsoons,  occur  on  the  coast  X)f  Mexico,  blowing 
■north-westwards  along  the  coast  from  May  to  December,  and 
south-eastwards  from  December  to  March.  Others,  again, 
occur  on  the  Brazilian  coast. 

The  monsoons  occupy  the  place  of  the  trades  as  regular 
winds  in  those  portions  of  the  ocean  where  they  occur. 
Between  the  southern  trades  and  this  tract  of  sea  there  are 
occasional  calms,  but  these  are  often  interrupted  by  winds 
which,  when  the  sun  is  in  the  northern  hemisphere,  generally 
l)low  from  some  point  between  south-west  and  north-west, 
and  during  the  rest  of  the  year  from  south-east  to  north-east. 
These  are  sometimes  called  the  north-west  and  north-east 
monsoons ;  but  they  are  not  monsoons  in  the  usual  sense  of 
the  word,  as  these  periodical  winds  occur  only  north  of  the 
region  in  question. 

The  north-east  monsoon  extends  a  little  south  of  the 
equator.  It  becomes  regular  near  the  coasts  of  Africa  sooner 
than  in  the  middle  of  the  ocean,  and  near  the  equator  sooner 
than  off  the  shores  of  Arabia.  It  is  most  regular  and  powerM 
in  the  month  of  January  in  the  northernmost  angle  of  the 
Indian  Ocean.  It  is  not  accompanied  by  rain  on  tiie  Indian 
•coast,  like  the  south-west  monsoon,  but  after  blowing  over  a 
large  extent  of  warm  sea  it  becomes  rainy  on  the  east  coast  of 
Africa.  The  change  from  one  monsoon  to  the  other  takes 
jilace  gradually,  but  is  generally  accompanied  by  severe  storms 
«nd  tempests.  When  the  wind  ceases  to  blow  from  one  direc- 
tion on  the  earth  the  clouds  in  the  upper  part  of  the  atmo- 
sphere may  at  once  be  observed  taking  an  opposite  course,  but 
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some  weeks  may  intervene  before  the  change  is  established  at 
the  surface. 

With  the  exception  of  the  parts  of  the  sea  subject  to  the 
monsoons,  the  trade  winds  are  constant  and  steady,  but  they 
do  not  blow  always  and  everywhere  from  the  same  quarter. 
They  are  in  some  places  east  winds,  especially  on  the  western 
side  of  the  oceans  they  affect.  They  are  also  more  to  be 
depended  on  on  the  western  than  on  the  eastern  side  of  an 
ocean,  and  are  hardly  sensible  except  on  the  open  sea.  They 
are  generally  stronger  in  the  hemisphere  in  which  the  sun  is 
not  vertical,  and  are  there  also  less  easterly  and  more  normal 
in  their  character.  The  weather  is  generally  fine  when  the 
trade  winds  are  blowing. 

These  winds  are,  as  we  have  said,  more  distinct  in  the 
Atlantic  than  in  the  Pacific  Ocean.  In  the  former,  also, 
they  are  wider  and  more  powerful  on  the  American  side.  In 
the  Pacific  they  appear  to  be  permanent  only  from  about  the 
meridian  of  the  Galapagos  islands  to  the  Marquesas.  The 
northern  and  southern  boundaries  of  the  trades  within  the 
temperate  zone  are  generally  marked  by  sudden  changes  of 
wind.  Beyond  this  is  a  region  of  variable  winds,  which  is 
more  uniform  in  the  Pacific  than  in  the  Atlantic,  and  more 
uniform  in  the  southern  than  in  the  northern  hemisphere. 

The  trade  winds  are  confined  to  the  ocean,  but  regular  and 
constant  east  winds  occur  between  the  tropics.  They  are 
chiefly  observed  on  level  plains  of  great  extent.  Such  winds 
blow  over  a  great  part  of  the  Sahara,  or  desert  of  Africa,  over 
the  vast  plains  drained  by  the  Amazons,  in  South  Amerira, 
and  also  on  those  in  the  lower  part  of  the  valley  of  the  Orinoko. 
Other  permanent  winds  are  believed  to  affect  the  climates  of 
Central  Asia  and  Southern  Africa.  Others,  again,  greatly 
modify  the  condition  of  vegetation,  and  even  of  animal  hfe, 
in  Australia  and  the  islands  adjacent. 

Physical  geography  owes  to  Capt.  Maury,  LL.D.,  formerly 
of  the  United  States  navy,  the  collection  and  reduction  of  ob- 
servations concerning  the  winds  in  all  seas,  and  upon  these 
reduced  observations  all  accurate  knowledge  in  this  department 
of  meteorology  is  now  based.  The  number  of  observations 
tabulated  exceeded  a  million  and  a  quarter.  The  following 
important  rule  has  been  deduced  from  them.  "  In  all  lati- 
tudes between  the  parallel  of  30<*  or  35*  N.,  and  the  parallel 
of  SO*  or  35'  S.,  the  prevailing  direction  of  the  wind  is  from 
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the  eastward ;  in  all  other  parts  of  the  world,  except  the  mon 
soon  regions,  as  far  as  observation  has  gone,  it  ie  from  the 
■westward." — Maury's  Physical  Geography,  p.  23. 

We  have  already  remarked,  that  the  barometer  stands  at  a 
higher  point  in  the  calm  latitudes  between  the  tropics  and 
temperate  zones  than  elsewhere.  It  has  also  been  observed, 
that  in  the  Antarctic  regions  the  mean  height  of  the  column 
of  mercury  is  less  than  29  inches  at  the  sea  level,  whereas  in 
the  Arctic  regions  it  is  nearly  an  inch  higher.  This  accumu- 
lation of  pressure  in  the  northern  hemisphere  is  due  to  the 
excess  of  land  in  that  part  of  the  world ;  for  while  in  the  south- 
em  hemisphere  the  winds  passing  almost  entirely  over  the  sea 
are  loaded  with  vapour,  the  winds  reach  the  Polar  seas  over 
vast  tracts  of  dry  land,  and  are  thus  comparatively  dry.  The 
vapour-atmosphere  thus  occupying  so  large  a  part  of  the  whole 
air  in  the  Antarctic  district,  is  also  frequently  condensed  into 
rain  or  snow,  and  in  this  operation  large  quantities  of  heat  are 
set  &ee.  Such  heat  warms  and  rarefies  the  air,  and  thus  lowers 
the  barometer  still  more,  in  the  manner  explained  in  a  previous 
page.     (See  p.  237.) 

For  a  similar  reason  the  barometer  is  low  under  the  equator. 
The  Trade  winds,  pressing  as  it  were  into  this  belt  and  being 
always  loaded  with  vapour,  the  air  is  permanently  moist.  But 
the  heat  at  the  surface  is  very  great,  and  the  heated,  moist  ait, 
rises  rapidly  into  cooler  regions,  where  it  is  condensed  into 
rain.  In  this  condensation  a  large  quantity  of  heat  is  set  free,, 
so  that  the  vapour  that  remains  in  the  air  is  still  more  expanded, 
and  the  whole  column  of  air  is  rendered  light.  As  the  ex- 
panded air  rises  it  flows  ofif  towards  the  poles.  The  atmosphere 
at  the  equator  is  thus  probably  higher  than  elsewhere,  although 
it  exerts  a  lower  pressure.  The  movements  of  the  atmosphere 
are  thus  summarised  by  Capt.  Maury  in  the  little  work  already 
alluded  to.  "  First :  a  low  barometer  near  the  equator  and  a 
belt  of  calms ;  a  high  barometer  with  a  belt  of  calms  near  each 
tropic;  and  again  a  low  barometer  in  the  circum-polar  lati- 
tudes, both  north  and  south.  And,  secondly :  from  these  two 
places  of  high  barometer  there  is  a  general  tendency  of  the  air 
to  flow,  both  north  and  south,  towards  the  places  of  low  baro 
meter,  and  the  direction  of  the  currents  in  their  tendency  so 
to  flow  is  controlled  by  the  influence  of  diurnal  rotation."  Loc. 
eit.  p.  31. 

There  are  certain  peculiar  local  winds  presenting  phenomena 
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-somewhat  exceptional,  but  they  are  due  to  similar  causei. 
Among  them,  blasts  of  hot  ■vrind  are  exceedingly  remarkable. 
The  FOhn,  or  hot  wind,  that  occasionally  blows  over  Switzer- 
land, is  a  singular  example;  but  the  simooms  of  the  desert 
4nd  of  Arabia  are  more  striking,  and  being  in  some  sense  tne 
parent  of  the  others,  best  deserve  special  notice. 

About  noon,  in  the  Arabian  desert,  abrupt  and  burning 
gusts  of  wind  often  blow  by  fits  from  the  south,  and  occasion- 
ally these  are  accompanied  by  a  peculiar  oppressiveness  of  the 
air,  increasing  every  moment  till  it  becomes  almost  unbear- 
able. At  such  times  the  Arabian  traveller  wraps  his  face  in  his 
mantle,  bows  down  and  crouches  on  the  neck  of  his  camel,  and 
makes  for  the  nearest  shelter.  If  this  is  near  he  may  b« 
saved ;  but  the  danger  is  extreme.  We  are  told  by  Mr.  W. 
G-  PaJgrave  (Central  and  Eastern  Arabia),  that  while  on  his 
journey  he  was  exposed  to  this  atmospheric  condition,  and  was 
advised  to  reach  a  small  tent,  not  much  more  than  a  hundred 
yards  off.  He  says  : — "We  looked  anxiously  towards  the  tent. 
Meanwhile  the  gusts  grew  hotter  and  more  violent ;  the  horizon 
rapidly  darkened  to  a  deep  violet  hue,  and  seemed  to  draw  in 
like  a  curtain  on  every  side,  while  at  the  same  time  a  stifling 
blast,  as  though  from  some  enormous  oven,  opening  right  on 
our  path,  blew  steadily  under  the  gloom.  0ur  camels  began 
to  turn  round  and  round  and  bend  their  knees,  preparing  to 
lie  down.  With  diflBculty  they  were  forced  on,  but  so  dark 
was  the  atmosphere  and  so  burning  the  heat,  that  it  seemed  as 
if  hell  had  risen  from  the  earth  or  descended  from  above.  At 
the  moment  when  the  worst  of  the  concentrated  poison-blast 
was  coming  around,  we  were  already  prostrate,  one  and  all, 
within  the  tent,  with  our  heads  well  wrapped  up,  almost  suffo- 
cated indeed,  but  safe,  while  our  camels  lay  widiout  like  dead, 
their  long  necks  stretched  out  on  the  sand  awaiting  the  passing 
of  the  gale. 

"  We  rem6uned  there  about  ten  minutes,  during  which  a  still- 
heat,  like  that  of  red  hot  iron  slowly  passing  over  us,  was  alone 
to  be  felt.  Then  the  tent-walls  began  to  flap,  and  the  worst 
had  gone  by.  On  looking  out  the  camels  were  still  lying  flat ; 
the  air  was  darkish,  but  soon  brightened.  During  the  whole 
time  that  the  simoom  lasted  the  atmosphere  was  entirely  tree 
from  sand  and  dust."  The  accounts  of  moving  columns  of  sand 
in  the  desert  do  not  seem  confirmed  by  sufficient  testimony  to 
justify  their  repetition. 

17 
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Storms. 


Storms  are  of  various  kinds.  Thes^are — (1).  Disturbances  of 
tiie  atmosphere  generally,  in  which  case  they  are  wind-storms, 
(a).  Thunder-storms,  or  disturbances  of  the  electrical  conditions 
of  the  air,  as  effected  by  the  passage  of  electricity  of  the  ordi- 
nary kind  from  one  cloud  to  another,  or  from  a  cloud  to  thfr 
earth : — ^these  are  thunder-storms.  (3.)  Disturbances  of  the- 
magnetic  condition  of  the  earth.  The  latter  are  sometimes 
called  magnetic  storms,  and  are  manifested  in  the  aurora 
(boreahs  or  australis).  Both  electric  and  magnetic  storms  are 
of  the  nature  of  sudden  shocks,  recovering  an  equilibrium  of 
electric  condition  that  had  formerly  existed,  but  had  been  dis- 
turbed. All  are  dependent  on  the  electrical  and  magnetical 
conditions  of  the  atmosphere  and  the  earth. 

Wind-storms  may  consist  only  of  local  displacements  of  the- 
air  in  a  particular  locality,  or  of  -riolent  winds  blowing  in  gusts, 
but  continuously,  for  some  time  over  a  large  extent  of  sea  or 
land.  Thus  are  produced  strong  gales  ;  but  whirlwinds,  hur- 
ricanes, tornadoes,  &c.,  are  of  a  different  kind.  These  twist 
round  an  axis  with  extreme  rapidity,  and  at  the  same  time  ad- 
vance forwards  in  a  definite  direction,  sometitaes  in  a  direct 
line,  but  more  generally  in  a  curve,  whose  path  is  traceable. 
The  force  of  wind  moving  at  the  rate  of  ten  or  twelve  miles 
per  hour  being  regarded  as  moderate,  and  anything  much  be- 
yond that  partaking,  of  the  nature  of  a  gale,  it  is  calculated, 
that  during  a  strong  gale  the  -wind  moves  at  a  rate  that  may 
amount  to  forty  miles  an  hour.  During  severe  storms  of 
the  whirling  kind  [cyclones)  the  rate  of  motion  of  the  -wind, 
however,  may  exceed  one  hundred  miles  per  hour,  and  the 
pressure  is  increased  in  at  least  an  equal  proportion.  These 
storms,  fortunately,  last  only  a  short  time  in  any  one  place, 
the  -wind  changing  rapidly  and  frequently,  and  they  are  strictly 
limited  in  space ;  whereas  a  gale  may  last  for  many  days  in 
the  same  spot,  and  be  uniform,  or  nearly  so,  for  a  thousand 
miles,  the  wind  blowing  always  from  nearly  the  same  point 
throughout  the  course  of  the  gale,  and  diminishing  gradually 
in  force  from  the  centre  to  the  extremities. 

Hurricanes,  or  cyclonic  storms,  are  very  frequent  in  certain 
parts  of  the  earth.  They  occur  generally  in  the  same  season 
of  the  year,  they  follow  the  same  path  (different  in  the  easters 
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and  western  hemispheres,  and  to  the  north  and  south  of  the 
equator),  and  the  accounts  of  them  are  wonderfully  similar. 
They  are  called  Tornadoes  in  the  West  Indies,  Tyfoons  in  the 
China  Seas,  and  Pamperos  in  the  Brazils.  They  are  most 
violent  within  the  tropics,  but  most  of  all  on  the  outer  verge 
of  the  tropics,  near  the  warm  temperate  zones.  On  a  smaU 
scale  they  are  called  whirlwinds,  and  water  ^outs  seem  to  be 
modifications  of  them,  or  rather  to  act  the  same  part  at  sea 
that  whirlwinds  do  on  land.  Their  characteristic  is  always 
and  everywhere  tie  circular  motion  of  the  wind  in  the  storm, 
and  the  advance  of  the  whole  storm  in  a  line.  In  the  northern- 
hemisphere  the  wind  in  the  stqrm  moves  round  from  north  by 
west  to  south,  and  theuce  by  east  to  north,  this  being  called  by 
saUors  "  backing,"  because  the  motion  of  wind  in  fair  weather- 
is  usually  the  other  way.  In  the  southern  hemisphere,  the 
wind  in  the  storm  moves  from  north  by  east  to  south,  and  so 
by  west  to  north.  There  is  always  a  lull,  if  not  a  dead  calm, 
in  the  centre  of  the  storm.  The  barometer  varies  with  gi-eat 
rapidity,  falling  often  two  inches,  and  sometimes  three  inches, 
within  a  few  hours ;  and  there  are  other  very  remarkable  ap- 
pearances presented,  resulting  from  the  disturbed  state  of  th& 
atmosphere,  among  which  fierce  lightning,  the  formation  of  a 
great  sea  wave,  meteors,  and  even  earthquakes,  are  the  most 
remarkable. 

Originating  within  the  tropics,  owing  no  doubt  to  the  exces- 
sive heating  of  the  earth  where  the  sun  is  vertical  over  the 
land,  and  developed  by  opposite  currents  of  air  rushing  in  to 
occupy  the  partial  vacuum  thus  formed,  it  will  be  easy  to  see 
that  the  months  from  July  to  October,  in  the  northern  hemi- 
sphere, and  of  January  to  May,  in  the  southern,  are  those 
during  which  these  storms  rage.  In  the  western  hemisphere, 
they  commence  almost  without  exception  near  the  north-eastern 
extremity  of  South  America,  and  in  the  eastern,  on  the  shores  ' 
of  the  Indian  Ocean  and  of  China.  The  belt  of  storm  varies 
in  diameter  in  each  case.  In  a  whirlwind  or  water  spout  it 
may  not  exceed  a  few  hundred  yards ;  while  in  some  very  well 
marked  cyclones  it  has  amounted  to  more  than  600  miles.  The 
length  of  the  path  varies  in  like  manner,  being  in  the  former 
ease  hardly  one  mUe,  but  in  great  cyclonic  storms  it  approaches ' 
6,000  miles.  The  rate  of  revolution  of  the  storm  on  its  axis 
varies  in  different  parts,  and  the  rate  of  the  storm  in  its  path 
varies  also  greatly.     Generally,  from  seven  to  ten  days  may  bd 
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stated  as  the  time  taken  for  a  storm  to  travel  from  the  vicinity 
of  Barbadoes  to  near  Newfoundland,  in  a  line  forming  a  para- 
bolic curve  nearly  5,000  miles  in  total  length.  The  rate  of 
the  storm's  path  is  rarely  so  much  as  tweuty-flve  miles  an  hour, 
while  the  storm-wind  itself  probably  blows  at  a  rate  exceeding 
1 00  miles  an  hour. 

The  following  may  be  regarded  as  a  brief  outline  of  the  facts 
connected  with  cyclonic  storms.  (1.)  The  space  on  the  earth's 
surface  over  which  such  storms  are  common  is  well  defined, 
and  the  occasional  extensions  beyond  this  space  may  be  esti- 
mated. (2.)  Within  this  limited  area  each  storm  takes  a  spe- 
cial path,  of  definite  length  and  breadth.  (3.)  The  paths  of 
the  similar  great  cyclones  being  compared,  are  found  to  agree 
in  a  remarkable  manner,  although  they  are  not  identical.  Thus, 
the  centre  of  the  storm  often  passes  over  the  same  small  island 
in  the  West  Indies  (the  island  of  St.  Thomas),  which  is  thus 
periodically  devastated  by  these  storms.  (4.)  The  spiral  mo- 
tion of  the  storm,  which  is  compounded  of  the  circular  motion 
round  an  axis  and  a  direct  motion  on  the  earth's  surface.  (5.) 
The  absolute  limitation  of  the  atmospheric  disturbance  to  the 
path  of  the  storm.  (6.)  A  development  of  electrical  pheno- 
mena on  a  very  remarkable  scale,  and  a  disturbance  of  the 
magnetic  equilibrium  of  the  earth.  (7.)  The  formation  of  a 
great  and  often  destructive  sea-wave  in  and  near  the  central 
axis  of  the  path,  very  diflferent  in  degree  from  the  sea-wave 
formed  during  other  storms.  (8.)  The  occasional  complication 
•of  the  phenomena  by  the  occurrence  of  earthquake  shocks  dup- 
ing the  actual  violence  of  the  storm.  A  due  consideration  of 
these  facts  and  a  study  of  the  ordinary  phenomena  exhibited 
during  the  course  of  one  of  the  great  storms  of  which  carefiil 
records  have  been  kept,  will  be  very  useful  in  giving  a  correct 
notion  of  the  nature  of  hurricanes.  It  may  be  added,  that 
•cyclonic  storms,  especially  those  taking  place  in  the  Indian 
Ocean,  have  frequently  been  observed  to  take  place  in  pairs, 
BO  that  vessels  steering  away  from  one  storm  have  entered 
another. 

Before  a  great  storm  the  weather  is  often  fine,  dear,  and 
excessively  hot,  with  light  shifting  winds  and  a  high  barometer. 
If  at  sea,  the  water  is  smooth.  Suddenly,  and  without  any 
other  intimation  of  change  of  weather,  the  barometer  falls. 
The  amount  of  fall  is  less  important  than  the  suddenness ;  for 
although  sometimes  it  is  an  inch  a  few  minutes,  at  other  times 
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it  is  not  more  than  a  few  tenths.  Munh  depends  on  the  mode 
in  which  the  storm  is  approaching.  The  direction  of  the  wind 
when  the  storm  arrives  depends  on  the  part  of  the  storm  that 
first  reaches  the  spot ;  but  if  it  is  in  ihe  path  of  the  axis  it 
changes  rapidly,  always  backing  in  the  northern  hemisphere, 
as  already  explained,  and  at  length  ceasing  almost  entirely 
when  the  centre  is  reached.  For  a  certain  time,  perhaps  an 
hour,  there  is  a  dead  calm.  The  wind  then  re-commences  to 
blow  with  hurricane  violence,  and  from  the  opposite  quarter  to 
that  noticed  when  the  calm  began.  At  sea,  the  following  descrip- 
tion may  be  taken  as  generally  applicable,  as  well  as  accurately 
true  of  the  particular  storm  alluded  to.  "  The  sea  tremendous 
from  the  force  of  the  wind ;  no  tops  to  the  waves,  being  dis- 
persed in  one  sheet  of  white  foam ;  the  decks  tenanted  by  many 
sea  birds  in  an  exhausted  state,' seeking  shelter  in  the  vessel; 
impossible  to  discern,  even  during  the  day,  anything  at  fifty 
yards'  distance ;  the  wind,  representing  numberless  voices  ele- 
vated to  the  shrillest  tone  of  screaming." — Log  of  the  Rawlins, 
Gapt  Macqueen,  20th  August,  1837.  On  shore  the  case  is 
somewhat  different.  Electrical  phenomena  and  magnetic  dis- 
turbances, and  sometimes  earthquakes,  complicate  the  horrors ; 
and  the  destruction,  if  not  greater,  is  more  seen  and  more 
easily  described,  in  the  account  of  the  fiarbadoes  hurricane, 
of  1831,  we  read,  that  "  On  the  morning  of  the  iOth  August 
the  sun  rose  without  a  cloud.  At  10  a.m.  a  breeze  that  had  been 
blowing  died  away :  towards  3  p.m.  the  heat  became  oppres- 
sive ;  at  5  P.M.  thick  clouds  appeared  in  the  north,  rain  fell, 
and  was  succeeded  by  a  sudden  stillness  and  a  dismal  blackness 
all  around,  except  towards  the  zenith,  where  there  was  an  ob- 
scure circle  of  imperfect  light.  Till  10-30  p.m.,  however,  there 
was  no  sign  of  change ; — then  lightning  appeared  in  the  north, 
and  very  unusual  fluctuations  of  the  thermometer  were  observed. 
All  this  time  the  storm  was  only  approaching. 

"After  midnight  the  continued  flashing  of  the  lightning 
was  awfully  grand,  and  a  gale  blew  fiercely  from  the  north  and 
north-east;  but  at  ]  a.m.  on  the  1 1th  August  the  tempestuous 
rage  of  the  wind  increased  as  the  storm  suddenly  shifted  and 
burst  from  the  north-west  and  intermediate  points.  The  upper 
regions  were  illuminated  by  incessant  lightning,  but  the  quiver- 
ing sheet  of  blaze  was  surpassed  in  brilliancy  by  the  darts  of 
electric  fire  which  were  exploded  in  every  direction.     At  a 
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little  after  two  the  astounding  roar  of  the  hurricane  cannot  be 
described  by  language.* 

"About  three  the  wind  abated  and  the  lightning  ceased  for  a 
few  moments,  at  a  time  when  the  blackness  in  which  the  town 
was  enveloped  was  inexpressibly  awful.  Fiery  meteors  were 
presently  seen  falling  from  the  heavens, — one  in  particuki, 
of  a  globular  form,  and  a  deep  red  hue,  was  observed  by  the 
writer  to  descend  perpendicularly  from  a  vast  height.  On  ap- 
proaching the  earch  it  assumed  a  dazzling  whiteness,  and  au 
elongated  form,  and  on  reaching  the  ground  splashed  around 
in  the  same  manner  as  melted  metal  would  have  done,  and 
was  instantly  extinct.f  A  few  minutes  afterwards  the  deafen- 
ing noise  of  the  wind  sank  to  a  solemn  murmur,  or  rather  a 
distant  roar;  and  the  lightning,  which  from  midnight  had 
flashed  and  darted  forkedly,  with  few  but  momentary  intermiS' 
sions,  now  for  nearly  half  a  minute  played  frightfully  between 
the  clouds  and  the  earth  with  novel  and  surprising  action. 
The  vast  body  of  vapour  appeared  to  touch  the  houses,  and 
issued  downward  flaming  blazes  which  were  nimbly  returned 
from  the  earth  upward. 

"  The  moment  after  this  singular  alternation  of  lightning 
the  hurricane  again  burst  forth  from  the  western  points  with 
violence  prodigious  beyond  description,  hurling  before  it  thou- 
sands of  missiles,  the  fragments  of  every  unsheltered  structure 
of  human  art.  The  strongest  houses  were  caused  to  vibrate  from 
their  foundations,  and  the  surface  of  the  very  earth  trembled 
as  the  destroyer  raged  over  it.  No  thunder  was  at  any  time 
distinctly  heard.  The  horrible  roar  and  yelling  of  the  wind, 
the  noise  of  the  ocean,  whose  frightful  waves  threatened  the 
town  with  the  destruction  of  all  that  the  other  elements  might 
spare,  the  clattering  of  tiles,  the  falling  of  roofs  and  walls,  and 
the  combination  of  a  thousand  other  sounds,  formed  a  hideous 
and  appalling  din. 

"  After  5  a.m.  the  storm  abated ;  at  six  the  wind  was  at  south ; 

*  The  commanding  officer  of  the  36th  regiment,  who  had  songht  pro- 
tection by  getting  under  the  arch  of  a  lower  window  outside  his  house, 
did  not  hear  the  roof  and  upper  story  Ml,  and  only  found  it  out  by  the 
dust  caused  by  the  fall. 

t  It  is  evident  that  the  coincidence  of  the  storm  on  this  occasion  \rith 
the  day  on  which  the  earth  is  known  to  pass  through  the  August  belt 
of  meteors,  rendered  the  effect  of  this  great  storm  at  Barhadoes  more 
striking.  It  is  not  safe  to  assert  that  there  was  no  relation  between  the 
phenomena. 
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at  seven,  south-east ;  at  eight,  east  south-east ;  and  at  nine  the 
Tireather  was  clear. 

"  The  view  from  the  summit  of  the  cathedral  tower  a  few 
hours  later  was  frightfully  grand.  The  whole  face  of  the 
country  was  laid  waste ;  no  sign  of  vegetation  was  apparent, 
except  here  and  there  small  patches  of  sickly  green  The 
surface  of  the  ground  appeared  as  if  fire  had  run  through  the 
land,  scorching  and  burning  up  the  productions  of  the  earth. 
The  few  remaining  trees,  stripped  of  their  boughs  and  folis^e, 
wore  a  cold  and  wintry  aspect ;  and  the  numerous  seats  in  the 
environs  of  Bridgetown,  formerly  concealed  among  thick  groves, 
were  now  exposed  and  in  ruins."* 

It  was  reported  that  earthquake  shocks  were  felt  during  this 
•great  storm,  but  the  accounts  seem  not  to  have  been  suflScientlv 
dear  to  justify  the  statement.  Of  the  electrical  state  of  the 
air  there  is  no  doubt,  but  observations  on  earth-magnetism 
were  not  then  understood  or  thought  of  in  the  island.  It  is 
said  that  heavy  showers  of  salt  water  occurred. 

In  both  the  accounts  here  given,  and  in  all  the  recorded 
accounts  of  hurricanes  in  the  northern  hemisphere,  the  fact  of 
the  spiral  motion,  the  extreme  force,  and  therefore  velocity  of 
the  wind  in  the  storm,  and  the  comparatively  slow  motion  of  the 
whole  storm  in  path  ;  and  the  backing  of  wind  from  north  by 
west  to  south,  and  thence  by  east  to  north,  are  facts  made 
perfectly  clear.  It  has  often  happened,  that  ships  at  a  distance 
of  twenty  or  thirty  miles  from  the  storm,  and  in  the  line  of  its 
path,  have  failed  to  notice  anything  extraordinary  in  the  weather. 
And  on  land  the  storm  has  sometimes  swept  through  a  forest, 
throwing  down  trees  in  various  directions  in  its  path,  but  injur- 
ing nothing  on  either  side.  This  has  been  noticed  in  England 
as  well  as  in  the  tropics,  and  is  indeed  a  familiar  fact. 

The  coincidence  of  earthquake-shocks  with  hurricanes  may 
be  only  accidental,  but  as  it  is  certain  that  both  events  are  fre- 
quently, if  not  always,  accompanied  by  electrical  and  magnetic 
disturbance,  and  that  earthquakes  are  almost  always  indicated 
by  barometric  changes,  it  would  be  unsafe  and  unphilosophical 
to  deny  that  the  earthquake  and  the  storm  may  have  some 
mutual  connection.  It  is  not  indeed  easy  to  explain  how  or  why 
this  is  the  case,  but  if  the  fact  be  determined  by  observation, 
the  theory  will  soon  adapt  itself.     Earthquake-shocks  hrfre 

•  Eeid's  "  Law  of  Stonns,"  p.  28,  et  seq. 
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been  often  accompanied  by  falls  of  meteoric  stones,  and  thesft 
again  very  frequently  by  storms  and  hurricanes .  The  earth- 
quake-shocks have  usually  been  recorded  as  near  the  central 
axis  of  the  storm,  and  also  near  the  time  of  its  commencement. 
It  is  only  of  late  that  observations  of  earth-magnetism  have 
been  made  and  recorded ;  but  it  is  now  well  known  that  the- 
telegraph  wires,  especially  those  nearly  meridional  (proceeding 
from  the  north  to  the  south),  are  unusable  for  signals  during 
great  storms,  owing  to  the  surcharge  of  magnetic  electricity 
passing  through  them  in  the  form  of  earth-currents. 

Lastly,  the  great  sea-wave  that  is  produced,  partly  by  the- 
heaping  up  of  the  water  by  the  wind  in  the  direction  of  the 
storm's  path,  partly  by  the  sudden  alteration  of  atmospheric 
pressure  in  the  central  part  of  the  storm  (amounting  sometimes. 
to  one-twelfth  of  the  whole  pressure),  multiplied  as  great  sea- 
waves  must  be  when  they  enter  narrow  funnel-shaped  channels, 
is  at  once  an  illustration  of  the  nature  of  the  storm,  and  the 
cause  of  some  of  its  most  fatal  results.  This  wave,  approach- 
ing the  land,  rises  and  rushes  over  the  surface,  sometimes  ris- 
ing twenty  or  thirty,  or  even  forty  feet  above  the  ordinary  sea 
level,  and  in  its  forward  and  return-motion  sweeps  away  almost 
everything  that  is  not  attached  in  the  inost  solid  manner  to- 
the  earth.  It  is  rarely  (perhaps  never)  absent  from  a  great 
hurricane ;  but  the  amount  of  destruction  it  causes  is  dependent 
en  the  mode  in  which  it  obtains  access  to  the  land,  and  the^ 
form  of  the  land  it  comes  in  contact  with. 

Electric  storms,  although  familiar  and  tolerably  well  under- 
stood, are  very  peculiar  and  remarkable  phenomena.  They 
are  made  evident  to  the  senses  by  sudden  gleams  or  long 
sparks  of  electric  light,  called  .lightning,  the  latter  kind  being 
accompanied  by  loud  crashing  or  reverberating  noises  in  the 
air,  called  thunder.  They  are  much  more  common  and  regular 
in  certain  parts  of  the  world  and  certain  districts  than  others. 
They  are  common  in  the  tropics,  and  in  warm,  temperate  re- 
gions. They  particularly  affect  mountain  and  hilly  districts, 
they  often  pass  up  valleys,  and  they  are  more  frequent  during 
summer  than  in  winter.  In  the  colder  temperate  and  polar 
countries  they  are  comparatively  rare.  There  are  certain  large 
districts  where  these  storms  are  extremely  rare. 

Lightning  is  either  forked  or  sheet  lightning.  It  is  believedi 
that  the  former  is  the  appearance  when  the  electric  discharge- 
occurs  within  a  few  miles  Of  the  earth's  surface,  and  is  direcdy 
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seen  by  the  observer.  When  the  dischai^e  takes  place  below 
the  horizon,  or  behind  a  dense  cloud,  only  the  scattered  light 
reflected  from  the  surfaces  of  the  clouds  illumined  by  the  flash, 
reaches  the  observer's  eye.  This  illumination  of  a  portion  of 
the  heavens  is  called  sheet  lightning,  and  the  distance  of  the 
discharge  is  generally  too  far  to  permit  the  accompanying 
thunder  to  be  heard.  It  is  even  doubtful  whether  in  all  oases 
there  be  any  noise  produced,  for  sheet  lightning  may  also  be 
due  to  electric  discharges  taking  place  at  very  great  eleva- 
tions above  the  earth.  It  is  well  known  that  the  discharge  of 
an  electric  spark  in  extremely  rarefied  air  is  ill  defined  and- 
wide,  and  the  noise  can  hardly  be  propagated  under  such, 
conditions.  The  cause  of  the  peculiar  brilliancy  of  forkedi 
lightning  is  to  be  found  in  the  intense  ignition  of  the  particles- 
of  nitrogen  and  oxygen  that  form  that  part  of  the  atmosphere 
lying  in  the  path  of  the  discharge.  Such  lightning  is  generally 
of  a  reddish  tint,  owing  to  the  pink  colour  of  the  U^t  emitted: 
by  incandescent  nitrogen. 

Thunder-storms  are  phenomena  of  extraordinary  grandeur, 
and  are  sometimes  very  destructive,  especially  when  trees  or 
spires,  or  the  lofty  buildings  in  tovms,  are  the  media  by  which 
the  electric  force  passes  from  the  clouds  to  the  earth.  The 
extraordinary  rapidity  and  intensity  of  the  motion  is  sufficient 
to  melt  any  metal  through  which  it  passes,  and  even  to  shatter 
or  displace  large  blocks  of  stone.  Any  living  being  thus  ex- 
posed is  liable  to  immediate  death,  and  the  nervous  system  of 
the  higher  orders  of  animals  is  singularly  disturbed.  The  state 
of  the  air  is  also  greatly  changed,  and  such  .change,  thot^h; 
occasionally  local,  may  extend  for  great  distances  in  the  atmo- 
sphere, and  modify  the  weather  for  a  considerable  period. 
This,  however,  is  exceptional  ;  for  in  most  cases  thunder- 
storms, especially  in  summer  weather  and  in  warm  countiries, 
are  eminently  local,  and  are  mere  temporary  and  momentary 
re-establishments  of  the  disturbed  state  of  atmospheric  elec- 
tricity. In  mountain  countries  it  is  not  unusual  to  find  them, 
limited  to  particular  valleys,  and  parts  of  valleys,  neither  tra- 
velling far  in  the  valley,  nor  rising  high  on  the  slopes  of  the 
high  mountains.  From  one  of  the  hills  in  the  valley  of  Switz- 
erland, near  Neuchatel  (the  Weissenstein),  storms  have  been 
seen,  accompanied  by  vivid  flashes  of  lightning  and  by  rolling- 
thunder,  passing  along  a  thousand  feet  below  the  top  of  the 
hill,  while  the  air  above  and  around  was  undisturbed,  and  the 
sky  overhead  cloudless. 
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But  this  is  not  the  case  with  magnetic  storms  on  a  large 
Ecale.  They,  also,  are  easily  appreciated  by  the  senses,  for  the 
auroral  appearances  that  generally  accompany  them,  though 
-silent,  are  very  striking.  But  there  are  other  phenomena  only 
recognised  by  instruments,  although  the  residts  of  such  dis- 
turbances do  not  easily  pass  away.  Almost  all  the  great  mag- 
^netic  storms  observed  of  late  years  have  been  accompanied  hj 
aurorse,  and  followed  by  severe  and  long-continued  irregularities 
in  the  prevailing  wiuds  and  weather  over  large  areas. 

It  happens  rarely  that  great  disturbances  take  place  in  the 
ittmosphere  without  corresponding  changes  in  electric  and  mag- 
netic equilibrium ;  but  it  is  only  within  the  last  few  years  that 
CDmbiued  and  careful  observations  have  been  made  and  recorded. 
•One  of  the  most  instructive  storms  in  this  respect  was  the 
"Royal  Charter"  storm  of  1859,  so  called  because  of  the  wreck 
of  a  large  vessel  of  that  name  near  the  mouth  of  the  Mersey. 
This  storm  commenced  on  the  25th  October,  1859,  shordy 
after  a  singular  series  of  disturbances  in  the  magnetic  state  of 
the  earth.  All  over  the  world,  not  only  in  the  Arctic  but  in 
the  Antarctic  regions,  in  Australia,  South  America,  the  West 
Indies,  Bermuda,  and  elsewhere,  aurorse  and  meteors  had  been 
lunusually  prevalent.*  The  currents  along  the  meridional  lines 
of  telegraphic  wire,  both  in  the  air  and  submarine,  were  every- 
where disturbed.  Many  days  before  the  storm,  an  extraordi- 
nary clearness  of  the  atmosphere  had  been  noticed  in  the  north 
of  Ireland,  and  the  mountains  of  Scotland  had  never  been  seen 
so  prominently.  The  preceding  summer  had  been  exceedingly 
■dry  and  hot,  and  this  weather  had  continued  late  into  the 
autumn;  but  a  few  days  before  the  25th  October  the  thenno 

*  On  the  erening  of  the  25th,  at  about  7*15  p.m.,  there  was  seen  at 
Holyhead  "a  bright  ball  of  fire,  which  rapidly  diffused  itsell^  and 
•illumined  the  dense  mass  of  vapour,  then  filling  the  sky  to  such  an 
extent  that  objects  for  a  considerable  distance  around  became  visible  as 
by  day."  On  the  same  day  and  hour,  about  12  miles  west  of  Athlone, 
the  sky  being  free  &om  cloud,  a  meteor  was  seen  in  the  direction  of  the 
Pleiades.  "At  first  it  was  about  the  size  of  a  star  of  the  first  magni- 
tude— ^it  advanced  quickly  towards  me  for  four  or  five  seconds,  rapidly 
increasing  in  size— the  colour  was  an  intense  white,  like  the  electric 
spark.  At  the  end  of  the  four  or  five  seconds  the  colour  changed  to 
bright  ruby  red,  changing  its  direction  and  losing  velocity.  The  red 
colour  lasted  one  and  a  hidf  to  two  seconds.  It  then  burst  into  fifteen 
or  sixteen  bright  emerald  green  particles,  which  disappeared  after  another 
•two  seconds."  Many  other  meteors  were  described,  but  none  so  com- 
ipletely. 
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meter  had  fallen,  and  was  very  low  in  most  parts  of  the  country. 
There  were  northerly  winds  in  some  places,  a  good  deal  of  snow, 
and  veiy  low  barometers.  The  lowest  barometer  and  a  corres- 
ponding central  lull,  with  light,  variable  winds,  or  dead  calm, 
with  rain,  prevailed  over  areas  of  from  ten  to  twenty  miles 
across  successively.  At  the  same  time  there  were  violent  winds 
around  these  spaces.  From  the  middle  of  such  spaces,  at  a 
distance  of  from  20  to  50  miles,  the  wind  attained  a  velocity 
reaching  from  60  to  100  miles  an  hour,  and  seemed  to  cross 
England  in  a  succession  of  spiral  eddyings  towards  the  NE,, 
the  wind  blowing  from  all  points  consecutively  round  the  lull. 
Thus,  while  at  Anglesea  the  storm  came  from  the  NNE.,  in 
the  Irish  Channel  it  was  northerly,  on  the  east  of  Ireland  NW., 
in  the  Straits  of  Dover  SW.,  and  on  the  east  coast  of  England  E. 
All  these  were  directions  at  the  same  instant. 

Thus  there  was  an  apparent  circulation,  or  cyclonic  com- 
motion, passing  northward,  from  25th  to  27th  October,  being 
two  complete  days  from  the  first  appearance  of  the  storm  in 
the  Channel,  while  outside  this  current  the  wind  became  less 
and  less  violent.  Even  so  near  as  the  west  coast  of  Ireland 
there  were  only  moderate  breezes. 

"As  it  is  the  NW.  half  (from  NE.  to  SW.,  true)  which  seems 
to  be  principally  influenced  by  the  cold,  dry,  heavy,  and  posi- 
tively electrified  polar  current,  and  the  SE.  half  of  the  cyclone 
that  apparently  shows  the  efiect  of  tropical  air  (warm,  moist, 
light,  and  negatively,  or  less  sensibly  electrified),  the  places 
over  which  one  haJf  of  a  cyclone  passes  are  affected  differently 
from  those  over  which  the  other  part  of  the  very  same  atmo- 
spheric eddy  passes,  the  sweep  itself  being  caused  by  the  meet- 
ing of  very  extensive  bodies  of  atmosphere,  moviug  in  nearly, 
but  not  exactly,  opposite  directions,  one  of  which  gradually 
overpowers  or  combines  with  the  other. 

"  On  the  polar  side  of  a  cyclone,  continually  supplied  from 
that  side,  the  sensible  effects  are  chilling,  drying  up  and  clear- 
ing the  air,  with  a  rising  barometer  and  falling  thermometer, 
while  on  the  tropical  (or  equatorial)  side,  overpowering  quantities 
of  warm  moist  air,  rushing  from  comparatively  inexhaustible 
supplies,  push  towards  the  NE.  as  long  as  their  impetus  lasts, 
and  are  successively  chilled,  dried,  and  intermingled  with  tlie 
conflicting  polar  currents.* 

•  "The  Weather  Book."    By  Admiral  Pitnoy,  p.  800. 
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DEW,    CLOTTDS   AIJD   EAIW. 

The  atmosphere  is  never  free  from  aqueous  vapour.  It  ab- 
sorbs it  as  -water  absorbs  sugar  and  salt.  The  quantity  it  is 
capable  of  taking  up  varies  with  its  density  and  temperature, 
but  the  quantity  it  actually  contains  in  a  given  district  depends 
greatly  on  the  geographical  position  of  the  district,  and  on  the 
course  of  the  marine  currents  on  the  nearest  adjacent  coasts. 
Necessarily  the  air  is  more  loaded  with  moisture  when  it  has 
blown  over  warm  water  than  when  it  has  crossed  a  large  extent 
of  dry  land,  or  lofty  mountains  piercing  the  higher  and  colder 
regions  of  the  air.  All  the  phenomena  of  aqueous  vapour  as 
a  part  of  the  atmosphere  are  extremely  important  and  interest 
ing,  and  the  history  of  its  condensation  in  dew,  fog,  mist, 
doud,  rain,  snow  and  hail  involves  a  vast  multitude  of  facts, 
essential  to  a  knowledge  of  physical  geography. 

Aqueous  vapour  is  a  powerful  radiant  of  heat,  and  does  not 
permit  heat  to  pass  readily  through  it.  This  we  have  already 
explained.  It  is  diffused  through  air  of  which  the  mass  is 
generally  more  than  a  hundred  times  greater,  and  before  its 
temperature  can  he  lowered  sufficiently  to  be  condensed,  not 
only  its  own  heat  but  that  of  the  surrounding  air  must  aU  be 
reduced.  Solids  near  the  earth's  surface  cool  very  rapidly  by 
radiation  into  space  through  clear  air,  and  thus  objects  on  or 
near  the  earth  may  easily  become  sufficiently  cold  to  cause  the 
condensation  of  the  vapour  close  to  them,  and  even  produce 
hoar  frost,  although,  only  a  few  feet  above,  the  vapour  remains 
uncondensed,  and  the  air  is  not  sensibly  much  colder  than 
before.  Such  a  deposit  occurring,  during  clear,  calm  nights, 
on  various  objects  near  or  upon  the  earth  in  the  open  air,  is 
called  dew.    The  more  rapid  and  complete  the  cooling  of  the 
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solid,  the  more  heavy  is  the  deposit.  The  cause  of  this  phe- 
nomenon was  originally  explained  by  Dr.  Wells,  a  physician, 
who,  about  half  a  century  ago,  was  the  first  to  give  a  definite 
and  satisfactory  account  of  it,  basing  his  conclusions  ou  nume- 
rous simple  and  ingenious  experiments.  It  is  essentially  the 
result  of  the  chilling,  by  radiation  into  space,  of  various  bodies 
radiating  heat  very  differently.  Thus  dew  is  deposited  co- 
piously on  grass  and  painted  wood,  when  none  whatever  can 
be  found  on  gravel  walks  adjoining.  Plates  of  metal,  good 
conductors  of  heat,  remain  quite  dry,  while  wood,  a  very  bad 
conductor,  becomes  quite  wet.  Many  curious  and  interesting 
results  follow  from  a  clear  understanding  of  the  subject  of  ra- 
diation, and  the  consequent  different  rates  of  cooling  of  various 
substances.  Many  of  the  effects  attributed  to  the  moon  are 
due  to  the  effect  of  radiation  in  the  clear  sky  which  accom- 
panies a  bright  moonlight  night.  Putrescence  is  advanced 
in  this  way  by  the  deposit  of  moisture  on  decaying  animal  or 
vegetable  matter.  Tender  plants  are  nipped  by  frost,  even 
when  the  air  in  the  garden  appears  to  have  remained  above 
the  freezing  point.  In  these  cases  the  smallest  screen — even 
a  cobweb,  would  check  the  radiation  and  preserve  the  plant. 
Under  favourable  conditions,  dew  is  deposited  during  the  whole 
night ;  and  it  is  always  more  abundant  near  a  coast  than  in 
the  interior  of  a  large  continent,  except  near  sheets  of  water. 

It  has  been  proved  by  experiment,  by  means  of  thermome- 
ters exposed  on  long  grass  during  a  clear  night,  compared  with 
others  at  various  short  distances  above  the  grass,  that  the 
chilling  effect  of  radiation  diminishes  with  extraordinary  rapi- 
dity. Thus,  at  between  2  and  3  inches  above  the  grass  the 
chiUing  is  about  one  half;  at  a  little  more  than  6  inches,  one 
quarter ;  at  a  foot,  one  eighth ;  and  at  6  feet,  only  one  twen- 
tieth of  that  on  the  grass  itself.  The  difierence  of  temperature 
between  any  radiating  solid  and  the  surrounding  air  is  nearly 
constant. 

Notwithstanding  this,  there  is  sometimes  a  difference  of  as 
much  as  18'  F,  between  the  temperature  as  shown  by  a  ther- 
mometer placed  on  the  grass  and  another  thermometer  hung  a 
few  feet  above  the  grass.  The  grass  is  first  chilled  by  radia- 
tion about  4"  below  the  surrounding  air,  but  the  air  in  contact 
with  this  chilled  grass  is  soon  reduced  to  the  same  tempera- 
ture. The  tendency  to  keep  always  the  same  difference  now 
acts  to  reduce  the  grass  stHl  lower,  and  this  again  cools  the 
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surrounding  air  yet  more.  This  goes  on  till  the  temperature 
of  the  stratum  of  air  near  the  grass  is  reduced  very  far  below 
that  which  seems  to  belong  to  the  grass  itself.  In  this  way  it 
is  that  ice  is  sometimes  formed  during  clear,  calm  nights, 
even  in  the  tropics,  when  the  temperatui-e  of  the  air  is  very 
high,  and  when,  under  no  other  natural  conditions,  can 
freezing  take  place. 

But  aqueous  vapour  is  not  only  condensed  from  the  air, 
when,  on  clear  nights,  the  radiation  of  heat  from  solids  in  con- 
tact with  the  air  is  shown  by  a  deposit  of  dew.  It  is  far  more 
frequently  rendered  visible  as  mist,  fog,  or  cloud,  and  thrown 
down  in  comparatively  large  quantities  as  rain. 

It  is  not  difficult  to  understand  the  cause  of  these  appear- 
ances. The  winds  and  currents  of  air  that  are  constandy  in 
circulation  are,  for  the  most  part,  differently  charged  with 
moisture.  A  warm  wind  coming  from  the  sea  is  loaded  with 
moisture — a  hot  wind  crossing  a  continent  is  dry.  Even  a 
very  cold  wind  crossing  water  or  ice  takes  up  a  sensible  supply, 
which  is  for  the  most  part  retained  near  the  earth's  surface, 
for  the  upper  currents  of  air  being  less  dense  than  the  lower^ 
are  less  capable  of  holding  up  the  vapour  atmosphere.  It 
must  also  be  remembered  that  all  land  greatly  above  the  level 
of  the  sea  is  colder  than  the  lower  lands,  and,  therefore,  chills 
the  sir  tliat  impinges  upon  it. 

Thus,  then,  when  the  heated  air  in  contact  with  or  near  the 
water  at  the  equator,  or  in  the  tropics,  rises  into  the  higher 
])art  of  the  atmosphere  and  gives  place  to  the  colder  current 
coming  in  from  the  north  or  south,  the  direct  result  of  the 
change  is  to  place  the  hot  moist  air  in  a  position  where  it  has- 
a  tendency  to  condense  some  of  the  aqueous  vapour  carried 
with  it.  Such  vapours  form  into  mist  or  fog  if  chilled  near 
the  surface  of  the  earth  or  sea.  If,  however,  the  change  takes 
place  high  in  the  air,  or  if  the  earth  be  warm,  and  opposing 
currents  of  air  exist  at  different  temperatures  and  different 
levels,  clouds  will  form  within  certain  limits  of  distance  from 
the  earth,  and,  being  formed,  vrill  drift  away  according  to  the 
winds  that  prevail  at  that  elevation. 

We  may  describe  clouds,  generally,  as  visible  vapour  sus- 
pend yd  in  the  air  at  some  distance  above  the  earth.  Possess- 
ing the  shifting,  formless,  shadowy  character  of  vapour,  be- 
coming visible  or  remaining  invisible  according  to  minute 
cjbanges  of  temperature  in  different  parts  of  the  great  aerial 
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ocean,  tViev  combine  distinct  outlines  with  peculiar  and  striking 
colours  and  other  characteristics,  enabling  us  to  speak  of  them 
as  definite  objects,  with  a  capacity  for  change  that  is  almost 
unlimited. 

Clouds  carry  water  from  the  ocean  to  the  mountain -tops,  they 
signal  the  occasions  on  which  the  electric  forces  balance  them- 
selves, they  cause  important  modifications  of  light  and  heat  on 
the  earth,  they  are  connected  with  the  p  reduction  of  frost,  they 
add  to  the  picturesque  effects  which  the  landscape  painter  and 
the  admirer  of  nature  love  to  study,  and  they  offer  to  the  poet 
innumerable  suggestions  and  similitudes. 

The  formation  of  cloud  may  always  take  place  at  the  shifting; 
contact  of  cold  with  warm  currents  at  all  heights  in  our  atmo- 
sphere. There  will  be  the  same  result  wherever  there  are 
mountains  or  lofty  plains,  for  these  not  being  so  rapidly 
affected  as  the  air  by  change  of  temperature,  and  receiving 
much  heat  from  the  sun  during  the  day,  which  they  lose  at 
night,  are  almost  always  of  a  temperature  different  from  that 
of  the  currents  of  air  which  strike  upon  them.  When  rain 
has  recently  fallen,  it  is  often  curious  in  mountain  countries 
to  watch  the  incessant  and  rapid  formation  of  cloud  over  some 
small  wooded  patch  of  land,  the  moisture  from  the  warm  earth 
steaming  into  the  chilled  air  and  being  immediately  converted 
into  mist,  which  gradually  accumulates  till  it  breaks  away  and 
drifts  to  a  distance,  assuming  a  distinct  cloud  nature.  It  is 
equally  curious  to  observe  a  narrow  side  valley  in  a  mountain 
district  covered  for  hours  together  with  mist  and  rolling  cloud, 
while  the  larger  and  more  open  valley  into  which  it  opena 
has  a  perfectly  clear  sky.  The  cause  of  this  is,  however, 
obvious.  The  lateral  valley,  enjoying  less  of  the  sun's  cheer- 
ing and  warming  rays,  is  colder  than  the  more  open  valley  ad- 
jacent; the  air  as  it  passes  is  therefore  sucked  up  the  side 
valley,  and,  coming  into  the  cooler  temperature  of  its  sides,  is 
at  once  condensed  into  mist  and  rendered  visible.  Such  mist 
may  turn  afterwards  into  cloud. 

In  temperate  climates,  whether  with  or  vrithout  mountains, 
clouds  are  formed  at  all  elevations  up  to  fifteen  or  twenty 
thousand  feet,'  or  even  more;  but  those  below  ten  thousand 
feet  are  more  massive  and  more  influenced  by  local  causes  than 
the  others.  The  observations  of  Professor  Piazzi  Smyth  at 
Teneriffe  are  exceedingly  interesting  on  this  head,  as  he  was 
enabled,  while  living  at  the  great  elevation  of  10,300  feet  on 
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the  slopes  of  that  isolated  mountain,  to  recognise  and  record  a 
multitude  of  curious  facts.  A  cloud-bank  was  observed  to  ex 
tend  widely  at  au  elevation  of  4,500  feet,  at  which  he^ht  a 
NE.  wind  constantly  prevailed,  drifting  the  clouds  towards 
•the  SW.  At  a  far  greater  elevation  (nearly  15,000  feet),  a 
:SW.  wind  was  constantly  drifting  other  clouds  towards  the 
NE. ;  and  thus  there  were  two  systems  of  visible  vapour  in 
the  air,  the  one  travelling  in  a  direction  exactly  opposite  to 
the  other. 

The  way  in  which  water  is  taken  up  and  held  by  the  air  in 
fogs  and  mists,  or  conveyed  along  in  the  form  of  a  visible  cloud, 
seems  at  first  to  involve  mechanical  difficulties.  We  will 
return  to  this  subject  when  we  have  considered  a  little  further 
the  peculiarities  of  clouds  and  cloud  motion.  All  we  need  now 
■point  out  is,  that  the  quantity  of  vapour  existing  in  air  in  the 
invisible  form  depends  on  local  temperature,  and  is  probably 
■at  no  time  uuiform  over  any  considerable  area,  and  certainly 
never  the  same  for  twelve  hours  together  in  the  same  place.  It 
is  found  that  when  the  temperature  is  50°  F.,  each  cubic  yard 
•of  dry  air  (about  168  gsllons)  can  hold  nearly  .150  grains  (one- 
third  part  of  a  fluid  ounoe)  of  water  ;  at  32°  F.,  or  the  freezmg 
'point  of  water,  only  one-half  this  quantity  is  contained ;  and  at 
70"  P.,  nearly  double  can  be  absorbed  and  retained  in  an  in- 
"visible  form.  A  comparatively  small  change  of  temperature 
will  thus  at  any  time  greatly  alter  the  capacity  of  air  for  hold- 
ing vapour  in  an  invisible  form. 

It  is  not  difficult  to  understand  whence  the  vapour  is  derived 
that  passes  into  the  air.  The  great  ocean  covering  three- 
fourths  of  the  surface  of  our  globe,  the  lakes  and  rivers  present 
at  frequent  intervals  on  the  land,  the  numerous  smaller  pieces 
of  water,  and  the  large  tracts  of  moist  earth  protected  from 
dryness  by  vegetation  and  constantly  receiving  rain, — all  these 
insure  a  rapid  supply  whenever  an  increase  of  temperature  re- 
quires it.  The  transmission  from  one  part  of  the  atmosphere 
to  another  is  as  rapid  and  complete  as  if  no  air  were  present 
and  the  vapour  passed  at  once  into  empty  space.  In  large 
unwatered  tracts  of  country  the  atmosphere  presents  a  very 
•different  appearance  from  that  to  which  we  are  accustomed, 
but  air,  however  dry,  always  retains  some  water,  the  actual 
quantity  depending  partly  on  the  temperature. 

When  a  change  of  temperature  occurs,  and  the  alteration  is 
in  the  direction  of  increased  heat,  the  air  continues  to  absor u : 


bat  the  moment  that  a  diminution  of  heat  takes  place,  owiDff' 
to  any  cause,  not  only  does  the  power  to  absorb  cease,  but  the 
power  to  retain  is  lost;  and  visible  vapour  represents  the 
difference.  Such  vapour  has  a  tendency,  not  unfrequently,  ta 
assume  the  form  of  the  object  by  which  it  is  caused.  Thus, 
where  mountains  are  present,  a  cloud  seems  to  fix  itself  at  the 
summit  or  on  the  sides  of  the  mountain,  at  a  certain  level,  and 
there  obstinately  remain.  No  matter  how  violently  the  wind 
may  be  blowing,  the  cloud  is  immoveable.  Such  a  pheno- 
menon is  well  known  on  the  Table  Mountain  at  the  Cape  of 
Good  Hope.  A  similar  appearance  may  be  frequently  ob^ 
served  on  the  more  detached  mountain-peaks  of  Switzerland,  of 
which  Mount  Pilate  {Mons  ■pileatus,  the  cloud-capped  moun- 
tain) is  an  excellent  example.  In  these  cases,  it  is  not  that 
the  wind  is  unable  to  detach  the  cloud,  Hut  simply  that  the- 
warm  wind  loaded  with  moisture  is  chilled  and  becomes 
visible,  the  chill  commencing  a  short  distance  to  windward 
of  the  object,  and  continuing  at  a  distance  to  the  leeward 
of  it,  until  the  air  is  no  longer  affected  by  the  cool  sur- 
face it  has  been  in  contact  with  for  a  time.  If  we  take  the 
trouble  to  climb  the  mountain  and  enter  the  cloud,  we  find  it 
to  consist  of  a  driving  mist,  raw  and  chilly  to  the  feelings,  but 
of  no  great  density.  A  change  in  the  direction  of  the  wind, 
bringing  air  not  so  warm,  will  immediately  produce  a  clearing- 
of  the  sky  with  a  sensation  of  increased  warmth ;  but  any 
other  change  produces  little  if  any  alteration  In  this  case  a 
permanent  cloud  is  apparently  formed  and  retained,  although 
the  cloud  is  really  not  the  same  for  two  seconds  together. 

It  often  happens  in  mountain  districts,  if  the  observer  is 
situated  at  a  high  level,  that  he  may  watch  beneath  his  feet 
the  growth  of  a  cloud,  as  it  commences  with  steamy  vapours 
from  a  patch  of  forest,  and  rapidly  drifts  away  with  some  cur- 
rent of  air.  The  same  thing  when  seen  from  below  is  less 
easily  understood,  but  it  is  very  frequent. 

When  a  cloud  is  once  formed,  it  has  a  tendency  to  remain 
floating,  suspended  in  air  of  about  the  same  density  as  itself. 
In  the  higher  regions  of  the  atmosphere,  where  the  clouds  are- 
chiefly  formed  at  the  meeting  of  two  currents  of  different  water 
capacity,  sets  of  small  or  apparently  small  clouds  are  produced, 
all  nearly  of  the  same  form,  as  all  are  due  to  precisely  the  same 
cause.  Thus,  we  have  the  mare's-taU  and  mackerel  skies,  and 
other  kinds,  where  numerous  light  fleecy  clouds  appear^ at  a 
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great  elevatiou.  In  the  technical  language  of  meteorologists 
these  are  called  cimts  clouds,  from  the  peculiar  curl  they 
often  present.  It  has  heen  supposed  that  such  clouds  are 
composed  of  particles  of  snow.  They  occur  in  systems ;  long 
ranks  of  them  extending  in  one  direction  for  vast  distances 
far  above  our  heads,  and  being  occasionally  crossed  by  other 
systems,  at  other  but  also  extreme  altitudes.  They  present 
■very  varied  and  singular  appearances.  They  are  probably 
never  less  than  three  miles  from  the  earth,  and  sometimes 
certainly  much  more.  Their  colour  generally  is  the  purest 
white,  contrasting  finely  with  the  rich  full  blue  of  a  clear  sky. 
They  have  a  tendency,  derived  from  their  mode  of  origin,  to 
arrange  themselves  in  parallel  bands ;  and,  by  a  well-known 
law  of  perspective,  these  appear  to  converge  to  points  neai  the 
horizon.  At  the  equator,  the  direction  of  the  bands  of  such 
clouds  was  observed  by  Humboldt  to  be  nearly  north  and 
south,  but  with  us  they  run  more  frequently  north-west  and 
south-east.  Amongst  these  singular  and  exquisitely  beautiful 
clouds  are  formed  halos  and  mock  suns,  and  indeed  careful 
observation  would  seem  to  show  that  they  are  almost  always 
accompanied  by  iridescence,  though  often  very  faint.  It  has 
been  suggested  that  these  cirrus  clouds  are  the  heads  of  co- 
lumns of  vapour  rising  from  the  earth,  and  precipitated  as 
soon  as  they  attain  a  certain  elevation.  If  this  be  so,  the 
visible  cloud  forms  the  capital  of  an  invisible  piUar  of 
saturated  air. 

When  these  clouds  are  more  dense,  occurring  at  somewhat 
lower  levels,  and  accumulating  in  larger  quantity,  but  still 
retaining  their  banded  appearance,  they  pass  into  another 
kind,  called  cirro-stratus,  which  resemble  loose  masses  of 
carded  cotton,  and  often  pass  rapidly  into  rain-cloud.  Cirrus 
clouds  are  often  seen  near  the  horizon  at  sunset  and  sunrise; 
but  it  is  on  a  fine  summer's  evening,  when  these  loftiest 
vapours  become  tinted  with  the  rich  warm  glow  of  the  setting 
«un,  that  they  are  most  beautiful> 

The  clouds  called  cumulus  differ  from  those  just  described  in 
many  essential  characteristics.  They  appear  to  be  formed 
near  the  eaxth,  and  ascend  gradually  during  the  day.  Thus, 
in  summer,  the  sun  will  rise  in  a  clear  sky,  or  through  hazy 
strata  of  cirrus  and  cirro-stratus,  which  immediately  disappear. 
Towards  eight  o'clock  in  the  morning,  small  flocky  clouds  are 
seen,  which  gradually  increase  iu  number  and  volume  during 
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the  heat  of  the  day,  and  then  disappear  towards  sunset.  On 
■the  mountains,  one  may  see  such  clouds  at  one's  feet  in  the 
morning ;  at  noon  they  form  a  mist  around  us  ;  in  the  after- 
noon they  are  far  overhead;  and  towards  night  they  have 
vanished.  As  the  earth  becomes  heated,  the  air  immediately 
above  it  is  warmed,  and  absorbs  moisture.  This  warm  and 
<lamp  but  light  air,  rising  to  replace  the  cold  and  heavy  air 
above,  is  soon  chiUed,  and  its  moisture  becomes  visible.  To- 
wards evening,  the  ascending  currents  are  replaced  by  descend- 
ing currents,  and  the  clouds  disappear,  being  re-absorbed. 

Such  clouds  are  not  often  picturesque,  but  they  not  unfire- 
-quently  present  very  grotesque  and  varied  forms,  changing  with 
the  most  marvellous  rapidity,  and  melting  away  in  a  singular 
■manner.  When  of  large  dimensions,  they  cover  the  heavens 
.and  altogether  obscure  the  sun,  being  in  this  state  entirely 
without  form  and  beauty  ;  but  whenever  they  are  broken  up, 
€ven  the  heaviest  clouds  are  capable  of  presenting  wonderful 
variety,  and  the  most  exquisite  softness  of  penoUling.  Like 
■the  cirrus,  the  cumulus  is  frequently  in  layers  or  strata,  and 
is  then  called  cumulo-stratus. 

The  true  rain-cloud  [nimbics  of  meteorologists)  is  limited  to 
a  moderate  distance  from  the  earth,  probably  not  extending 
'to  more  than  four  or  five  thousand  feet.  Being  so  near  the 
earth,  it  is  often  seen  to  be  drifted  along,  torn  by  the  wind, 
and  presenting  sweeping  and  jagged  forms,  changing  at  every 
instant.  The  clouds  are  not  in  reality  blown  about  by  the  wind 
■as  they  appear  to  be,  for  they  form  part  of  the  wind  itself,  the 
■sweeping  rain  and  the  driving  wind  rising  and  lulling  together. 
It  is  also  well  known,  that  while,  to  any  one  witlun  a  rain- 
cloud  in  the  act  of  discharging,  it  appears  that  the  cloud  itself 
is  in  violent  and  rapid  motion,  the  same  cloud  will  appear,  to 
a  spectator  from  a  distance,  to  be  in  perfect  repose — not 
moving  from  the  spot  where,  for  some  locfd.  reason,  the  shower 
occurs. 

Many  beautiful  and  familiar  appearances  are  due  to  the  rain- 
douds.  They  pass  with  rapidity  across  and  below  other  clouds, 
partially  concealing  and  modifying  them — often,  by  their  pe- 
culiar gray  tint,  setting  off  the  colours  and  intense  whiteness 
S)f  the  more  massive-looking  cumulus,  and  the  delicate  fringes 
And  curls  of  cirrus  far  overhead.  Of  all  clouds,  they  are  the 
most  transparent;  resembling  sometimes  drifted  smoke  or 
liaze,  and  sometimes  the  most  delicate  curtain  of  gray  air. 
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But  they  are  also  not  unfrequently  opaque  and  heavy,  distinctly- 
announcing  their  object.  They  are  "wet,  transparent,  form- 
less, full  of  motion,  felt  rather  by  their  shadows  on  the  hills 
than  by  their  presence  in  the  sky,  becoming  dark  ouly  through 
increased  depth  of  space,  most  transluscent  when  most  sombre, 
and  light  only  through  increased  buoyancy  of  motion,  letting: 
the  blue  through  their  interstices,  and  the  sunlight  through 
their  chasms.''  These  clouds  are  admirable  studies  for  the 
artist,  as  well  as  strikingly  adapted  to  excite  the  imagination 
of  the  true  lover  of  nature. 

In  their  ordinary  occurrence,  accumulating  gradually  till 
they  cover  the  whole  vault  above  us,  they  may  seem  unmean- 
ing ;  but  when  we  are  enabled  to  study  them  iu  the  coui^e  of" 
a  storm,  they  are  marvellously  beautiful  and  picturesque.  We 
will  make  use  of  an  extract  from  one  of  Mr.  Ruskin's  worka 
as  fitly  concluding  our  notice  of  rain-clouds.  After  describing 
the  quiet  masses  of  white  cloud,  gradually  accumulating  as  the 
day  advances,  Mr.  Ruskin  tells  us  to  "  wait  a  little  till  we  see 
those  mists  gather  themselves  into  white  towers,  and  stand 
like  fortresses,  piled  every  instant  'higher  and  higher  into  the 
sky,  and  casting  longer  shadows  athwart  the  rocks  Out  of 
the  pale  blue  of  the  horizon,  we  may  then  see,  forming  and 
advancing,  a  troop  of  narrow,  dark,  pointed  vapours,  which  will 
cover  the  sky,  inch  by  inch,  with  their  gray  network,  and  take 
the  light  off  the  landscape  with  an  eclipse  which  will  stop  the 
singing  of  the  birds  and  the  motion  of  the  leaves  together. 
Soon  we  may  recognise  horizontal  bars  of  black  shadow  form- 
ing under  them,  and  lurid  wreaths  creating  themselves,  we 
know  not  how,  along  the  shoulders  of  the  hills.  And  then 
comes  the  sudden  rush  of  the  awakened  wind,  and  those 
watch-towers  of  vapour  are  swept  away  from  their  foundations, 
and  the  waving  curtains  of  opaque  rain  are  let  down  to  the 
valleys,  swinging  from  the  burdened  clouds  in  black  bending 
fringes,  or  pacing  in  pale  columns  along  the  surface.  As  the  sun 
sinks,  the  storm  drifts  for  an  instant  from  off  the  hills,  leaving 
their  broad  sides  smoking  and  loaded  with  snow-white,  torn, 
steam-like  rags  of  capricious  vapour, — now  gone,  now  gathered 
again ;  and  the  sun,  like  a  red-hot  ball,  plunges  through  the 
rushing  wind  and  rolling  cloud  with  headlong  fall,  dyeing  all 
the  air  about  it  with  blood."* 

•  "  Modem  PainterB,"  voL  i.  pp.  259, 260. 
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The  motions  of  clouds  are  curious,  and  involve  an  apparent 
-^difficulty,  only  to  be  understood  by  considering  their  origin. 
Masses  of  cloud  are  often  seen  to  advance  in  direct  oppositiou 
to  the  winds  that  blow  near  the  earth,  and  these  masses  steadily 
make  their  way  across  the  visible  hemisphere  either  in  bands, 
-or,  more  frequently,  in  lens- shaped  groups  ;  not  unfrequently 
the  advancing  end  is  more  rounded  or  quite  bluff.  Such 
clouds  put  on  strange  and  fanciful  forms,  changing  rapidly, 
and  imitative  of  any  object  the  imagination  suggests.  At  the 
same  time,  perhaps,  a  bank  of  white  mist  serves  as  a  perma- 
nent background,  curls  of  white  fleecy  vapour  are  in  the  zenith 
^quite  undisturbed,  and  shadows  fall  unexpectedly  and  inex- 
plicably upon  the  landscape.  Such  a  complication  generally 
accompanies  or  announces  rainy  and  windy  weather,  and  is 
due  to  the  existence  of  very  distinct  opposing  currents  of  air 
at  various  altitudes,  each  striving  for  the  mastery.  A  distant 
cirro-stratus,  or  fog-bank  of  the  upper  sky  (the  stratus  is  the 
Bame  given  to  formal  stratified  clouds  limited  to  no  particular 
height),  thus  remains  altogether  unchanged  in  form  or  pro- 
portions for  a  long  time,  while  a  nearer  cloud  of  similar  form 
partly  conceals  and  is  entirely  shadowed  by  it.  At  the  great 
■  elevation  of  the  upper  cloud,  at  least  three  miles  above  the 
earth,  the  air  is  no  doubt  in  steady  motion ;  but  whether  the 
bank  of  cloud  moves,  or  is  still,  its  motion  is  not  recognised 
at  the  distance  of  the  observer.  At  half  that  elevation  tho 
same  amount  of  motion  of  air  and  cloud  is  far  more  easily 
noticed,  and  even  without  any  other  difference,  the  lower 
clouds  wUl  then  appear  to  pass  along  in  front  of  the  upper. 
As  they  pass  along,  the  upper  and  lower  edges  of  the  larger 
clouds  are  constantly  overlapping  and  interfered  with  by  the 
currents  of  air  above  and  below,  and  the  cloud  assumes  a 
blunted  truncated  form,  its  bluff  extremity  pushing  forwards 
into  space. 

While  in  many  cases  a  cloud  actually  formed  is  driven  on- 
wards with  the  wind  to  its  destined  goal,  in  others,  as  we  have 
already  intimated,  the  whole  cloud-phenomenon  consists  in  a 
continuous  reduction  to  the  visible  form  of  the  vapour  present 
in  the  air,  either  when  the  air  strikes  against  the  surface  of 
a  mountain,  or  meets  with  a  different  current  and  becomes 
•  dulled.    In  such  cases  the  cloud  is  permanent,  and  varies 
^little  in  shape  or  dimensions,  while  the  wind  may  vary  ex- 
'^eedingly  in  force,  and  may  even  change  its  direction  without 
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the  cloud  being  altered.  It  is  a  well-known  intimation  of 
storm  when  huge  rain-clouds,  black  with  moistui-e  ready  to 
be  deposited,  roU  on  with  increasing  -vehemence  in  a  direction 
«pposed  to  that  of  the  wind,  becoming  heaped  and  piled,  till 
the  storm  bursts,  electrical  explosions  marking  the  recovery 
of  disturbed  equilibrium,  and  the  rain  falling  in  torrents^ 
Such  storms  it  is  generally  said  "  clear  the  air,"  and  render 
it  more  healthy  for  animal  life.  They  certainly  produce  » 
marked  effect  on  its  electrical  state. 

The  colours  and  shadows  of  clouds  are  not  less  varied  and 
beautiful  than  their  forms.  When  the  sun  is  near  the  hori- 
zon, and  its  light  shines  through  a  considerable  thickness  of 
vapour,  the  colour  transmitted  is  always  red,  an  excess  of  the 
yellow  and  blue  rays  being  absorbed.  Close  to  the  westeru 
horizon,  however,  when  the  sun  is  about  to  set,  and  the  clouds- 
are  not  too  thickly  congregated,  we  find  also  every  conceivable 
variety  of  yellow,  passing  from  the  palest  and  purest  tint  to. 
the  deepest  and  richest  admixtures  of  yellow  with  red.  Blue 
is  a  colour  rarely  found  in  clouds  : — never  by  itself  as  a  pure 
colour,  and  rarely  in  mixture  either  with  yellow  as  any  shade 
of  green,  or  with  red  as  in  shades  of  violet  and  purple.  The 
latter  is,  indeed,  the  most  frequent  of  such  admixtures ;  but 
it  is  generally  to  be  accounted  for  without  our  being  actually 
obliged  to  admit  it  as  a  positive  tint  belonging  to  the  cloud 
itself.  Green  clouds  and  a  green  tint  of  the  sky  are  al8» 
ocoakionally  noticed. 

The  blue  colour  of  the  sky  is  no  doubt  caused  by  the  absorp- 
tion of  an  excess  of  red  rays  by  clear,  transparent  aqueous 
vapour,  at  a  great  distance  from  the  earth.  The  lower  strata, 
of  the  atmosphere  absorb  an  excess  of  blue  rays.  Thus,  near 
sunrise  and  sunset,  when  the  sun's  light  passes  through  nearly 
200  miles  of  atmosphere  within  a  mile  from  the  surface  of  the- 
earth,  to  illuminate  a  cloud  a  mile  high,  a  large  excess  both  of 
blue  and  yellow  light  is  absorbed,  and  the  cloud  illumined 
appears  red.  When  the  sun  is  higher  the  clouds  are  orange- 
yellow,  and  finally  white.  A  few  hundred  yards  of  fog  will,. 
however,  produce  the  same  result  as  many  miles  of  purer  air. 
Thus,  when  the  air  is  charged  with  transparent  vapour  the- 
blue  colour  will  be  deepest,  and  will  indicate  rain ;  but  if  the 
minute  particles  of  liquid  water  form  a  thin  mist,  then  the  blue- 
colour  will  be  diminished  and  converted  into  grey,  as  in  wintef 
and  in  cold  countries. 
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It  seems  strange,  that  as  water  is  heavier  than  air,  clouds 
should  not  only  form  but  remain  floating,  and  that  in  many 
cases  they  should  lose  the  power  of  wettmg  which  belongs  to 
ordinary  mists  near  the  earth's  surface.  Certainly  clouds 
neither  float  as  boats  on  the  air ;  nor  are  they  retained  only  for 
a  short  time,  like  feathers,  by  friction  and  resistance ;  nor  do 
the  particles  of  water  in  a  cloud  consist  of  hollow  spheres  with 
void  cavities,  or  with  their  interior  filled  up  with  light  gas.  No 
explanation  of  this  kind  is  sufficient  or  satisfactory.  Neither 
is  the  water-cloud  like  the  cloud  of  incense,  that  rises  and  for 
a  time  floats  in  air  while  disseminating  its  fragrance. 

To  account  for  the  permanance  of  clouds  we  must  remind 
the  reader  of  the  nature  of  the  vapour-atmosphere.  It  is  in 
its  very  nature  an  independent  atmosphere.  The  shell  of  air 
that  encloses  our  earth  consists  of  several  psirts  which  have 
strict  relations,  and  a  certain  dependence  on  each  other,  but  at 
the  same  time  are  essentially  separate,  having  undergone  no 
chemical  combination.  Gases  are  in  some  important  respects 
very  unlike  liquids,  and  this  is  nowhere  more  clearly  shown 
than  in  the  mode  in  which  they  mix  with  each  other.  Thus, 
if  some  of  the  light  street  gas,  which  is  the  substance  used  to 
render  our  balloons  buoyant,  were  placed  in  a  vessel  inverted 
over  another  vessel  in  which  was  a  quantity  of  heavy  choke- 
damp  (a  gas  often  found  at  the  bottom  of  old  wells  and  pits,  and 
80  heavy  that  it  may  be  lifted,  and  poured  from  one  tumbler 
into  another  like  water),  then  even  if  each  vessel  were  care- 
fully covered  with  bladder  before  the  experiment  commenced, 
the  two  gases  would  be  found  after  a  short  time  to  have  mingled 
completely,  the  lighter  having  descended  through  the  two 
bladders  to  mix  with  the  heavier,  and  the  heavier  having 
mounted  to  mix  vrith  the  lighter.  The  vapour  of  water  in 
the  atmosphere  is  for  aU  practical  purposes  a  gas,  and  mixes 
as  a  gas  with  the  other  gases  that  make  up  the  whole.  It  is, 
therefore,  held  up  in  the  air  just  as  the  slightly  heavier  oxygen 
and  much  heavier  carbonic  acid  are  held  up  with  and  by  the 
nitrogen.  No  doubt  there  remains  much  that  we  cannot  fully 
mderstand  in  this  mode  of  existence  of  mixed  airs,  and  we 
Bannot  certainly 'be  said  to  know  why  the  heavier  atoms  of 
water  remain  permanently  in  contact  with  the  lighter  atoms 
'rf  oxygen  and  nitrogen ;  but  we  may  accept  it  for  the  present 
mi  a  fact,  hoping  in  time  to  recognise  the  cause  and  the  mode 
of  ar<^iou  of  the  law.     At  any  rate  there  is  no  need  to  assums 
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that  the  water  is  present  in  an  unusual  state,  or  that  it  is  in 
any  other  than  its  most  ordinary  condition.  As  sugar  or  salt 
mixed  with  water  become,  as  it  were,  fluid  by  being  mingled 
with  fluids,  so  the  vapour  of  water  behaves  as  a  gas  when 
mingled  with  air  in  our  atmosphere.* 

The  nature  and  continual  presence  of  an  invisible  atmo- 
sphere of  water  is  thus  accounted  for,  and  it  is  only  when  we 
come  to  the  resumption  of  the  visible  form  without  a  necessary 
conversion  into  drops  of  water  falling  through  the  air,  thac 
there  is  an  absence  of  clear  explanation.  When,  however,  it 
is  remembered  that  the  property  we  call  weight  belongs  to  all 
matter,  and  that,  for  anything  we  know,  the  ultimate  atoms  of 
all  are  of  the  same  weight,  the  differences  being  due  to  density 
or  closeness  of  packing  of  the  atoms,  it  will  be  seen  that  there 
is  no  necessary  reason  why  visible  as  well  as  invisible  vapour 
should  not  be  retained  permanently  in  the  air.  The  vapour 
may  be  set  free  without  assuming  the  fluid  form.  It  is  pos- 
sible that  clouds  may  be  limited  to  air  in  motion,  for  it  is  quite 
certain,  as  already  observed,  that  a  cloud  may  appear  in  repose, 
even  when  violent  and  shifting  winds  are  all  around.  The 
drops  of  rain  become  larger  and  nearer  together  as  they  approach 
the  earth. 

The  conversion  into  a  mist  or  raining  cloud  of  what  may  be 
caUed  a  dry  cloud,  consisting  of  visible  vapour  not  adhering 
readily  to  solid  objects  which  have  about  the  same  tempera- 
ture, seems  to  be  in  all  cases  accompanied  with  electrical 
action.  In  meteorological  observatories,  where  the  electrical 
state  of  the  air  is  recorded  by  instruments,  this  is  sometimes 
seen  in  a  very  striking  manner.     A  sudden  shower,  occurring 

*  The  researches  of  Dr.  Tyndall  on  the  subject  of  heat  radiating 
through  atmospheres  containing  more  or  less  vapour,  have  clearly  shown, 
that  when  the  sun's  rays  of  light  and  heat  pass  through  perfectly  dry 
atmospheric  air  no  heat  is  lost,  while  through  certain  gases  and  steam 
no  heat  passes.  Thus,  in  proportion  as  the  air  is  damp,  in  that  same 
proportion  does  it  absorb  more  heat  &om  the  sun's  rays,  and,  at  the 
same  time,  it  becomes  capable  of  holding  more  vapour.  !m  the  same  vpay 
also  does  the  earth  part  with  the  heat  it  already  possesses,  the  more 
slowly  in  proportion  as  its  steam-atmosphere  is  more  dense,  while  on 
the  other  hand  it  is  under  such  circumstances  less  heated  by  the  son. 
This  change  in  the  distribution  of  heat  taking  place  every  hour  as  dif- 
ferent parts  of  the  earth  and  atmosphere  are  ezposed  to  the  sun'tf  action, 
insures  that  atmospheric  change  so  strongly  indicated  by  the  douds. 
It  must  not  be  forgotten,  that  each  change  of  vapour-condition  is  aooom- 
pauied  by  a  disturbance  of  electric  equilibrium. 
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^thout  previous  warning,  will  in  an  instant  set  all  the  electric 
instruments  in  full  motion, — gold  leaves  and  pith  balls  vibrat- 
ing to  and  fro,  and  sparks  snapping,  now  faintly,  now  loudly, 
60  long  as  the  shower  lasts.  Occasionally,  and  without  cloud, 
moisture  may  be  rapidly  deposited  from  air  which  to  the  senses 
is  quite  dry.  At  all  times  the  production  of  drops  of  rain  in- 
volves electrical  disturbance ;  whereas  there  is  no  proof,  and 
not  much  probability,  that  the  mere  change  from  invisible  to 
visible  vapour  involves  any  interference  with  the  ordinary  state 
of  electric  equilibrium. 

It  is  in  the  tropics  that  the  phenomena  of  rain  are  presented 
in  their  most  striking  form.  Near  the  equator,  wherever  the 
,sun  is  vertical,  the  earth  below  is  heated  in  the  highest  degree, 
-and  the  air  is  calm.  An  ascending  current  takes  place,  but 
.the  regular  winds  die  gradually  away.  The  air  becomes  damp 
and  like  a  vapour  bath — the  sky  assumes  a  whitish  tint  and  is 
overcast — clouds  appear,  followed  by  sudden  showers,  and  these 
by  fierce  storms,  until  at  length  floods  of  rain  descend,  inun- 
dating the  earth.  After  the  sun  has  passed,  and  ceased  to  be 
vertical,  the  rains  diminish,  the  air  becomes  drier  and  clear, 
and  the  regular  winds  are  again  felt.  The  great  tropical  rains 
follow  the  course  of  the  sun,  the  ascending  currents  of  hot  air 
neutralise  the  horizontal  trade  wind,  the  vapours  are  carried 
rapidly  upwards,  and  become  condensed. 

The  quantity  of  rain  thus  falling  is  very  large.  In  one 
place  (Cherra  Pungee)  it  is  stated  to  amount  to  592  inches, 
or  nearly  50  feet,  in  the  course  of  the  year ;  but  the  average 
at  the  equator  is  not  Considered  to  exceed  100  inchas.  This 
falls  in  about  eighty  days,  the  rest  of  the  year  being  dry.  In 
eome  localities  the  quantity  of  rain  falling  in  single  showers  is 
yery  excessive.  Thus,  at  Cayenne  21  inches  have  been  known 
to  fall  in  a  single  day;  and  Dr  Hooker  speaks  of  having 
measured  a  fall  of  30  inches  in  twenty-four  hours  at  Hydera- 
bad, in  India.  Guiana,  Brazil,  and  the  western  ijoast-range  of 
India,  are  places  where  the  largest  rain-falls  are  believed  to 
occur,  and  in  these  places  from  235  to  300  inches  cannot  be 
considered  an  unusual  fall  in  a  single  year. 

Eeceding  from  the  tropics  the  rains  become  less  periodical, 
and  far  less  in  quantity ;  but  they  are  often  distributed  over 
&  larger  number  of  days.  They  are  caused  by  the  meeting 
*nd  crossing  of  currents  of  wind  from  various  quarters,  some 
•warm  and  moist,  others  cold  and  dry      Condensation  then 
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lakes  place,  sometimes  very  rapidly.  Near  the  western  Be» 
board  of  the  Atlantic,  and  on  the  shores  of  the  Mediterranean, 
there  are  often  spring  and  autumnal  rains.  At  other  places 
there  are  heavy  rains  at  the  time  of  the  solstice.  The  mean 
rain-fall  in  the  north  temperate  zone,  though  it  varies  much, 
does  not  often  exceed  40  inches.  The  exceptional  cases  are 
in  such  localities  as  Wales,  and  still  more  remarkably  the 
Cumberland  mountains.  The  rain  in  these  places  is  almost 
as  great  as  in  some  parts  of  the  tropics,  and  the  showers  that 
fall  are  also  almost  tropical.  In  the  year  1862  there  fell 
183J  inches  of  rain  at  Seathwaite,  in  Cumberland,  and  leas 
than  20  inches  at  Bishopswearmouth,  in  Durham. 

Taking  the  rain-fall  of  the  British  islands  as  likely  to  be 
the  most  familiar  example  to  the  English  reader,  vre  may 
vdth  advantage  describe  briefly  the  chief  phenomena  there 
presented,  and  proceed  to  compare  them  with  others.  The 
mean  annual  rain-fall  of  the  whole  United  Kingdom  we  may 
assume  to  be  something  less  than  34  inches,  and  this  is 
nearly  the  same  as  that  of  Ireland.  On  the  other  hand,  if 
England  is  estimated  alone,=i=  its  rain-faU  is  under  30  ruches, 
and  that  of  Scotland  (excluding  Mull)  is  more  than  83  inches. 
Thus  already  we  perceive  a  great  difference,  and  the  broken 
insular  form,  smaller  width,  and  more  mountainous  character 
of  Scotland,  are  seen  to  produce  a  much  larger  deposit  from 
the  air  than  is  the  case  with  England,  while  the  more  direct 
exposure  of  Ireland  to  the  south  and  west  produces  an  excess 
in  that  country.  When  we  examine  either  country  in  detail 
we  find  that  geographical  peculiarities  explain  the  state  of  the 
case.  Thus  in  England  ;  at  Seathwaite,  in  Cumberland,  and 
at  Coniston,  in  Lancashire,  on  the  west  or  seaward  side  of  the 
low,  but  important  mountain  chain  of  these  districts,  the 
rain-fall,  as  we  have  already  said,  is  almost  tropical.  At 
Seathwaite  it  averages  137  inches,  and  at  Coniston  71J  inches. 
So  in  Scotland,  in  the  Isle  of  Mull,  the  amount  is  74|  inches. 
On  the  other  hand,  at  various  places  on  the  east  of  England 
the  average  does  not  exceed  20  inches,  in  Dublin  it  is  under 

*  In  this  average  the  exceptional  localitiee  of  Seathwaite  and  OoniBton 
are  excluded.  If  included,  they  would  bring  up  the  amount  of  fall  ta 
84  inches.  They  are,  however,  purely  local  phenomena.  The  averages 
are  of  ten  years,  from  1850  to  1859  inclusive,  which,  indeed,  were  6  per 
cent,  below  the  average  of  the  last  fifty  years,  but  seem  to  correspond 
Itretty  well  with  the  recent  and  present  recorded  statistics. 
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SS  inches,  and  at  Edinburgh  under  25  inches.  GeneraHijr 
the  difference  between  the  \rest  and  east  coasts,  between  tha 
south  coast  and  the  interior  of  the  country,  between  hill  and 
mountain  stations  and  those  in  plains,  and  between  those 
places  where  the  south  and  west  winds  first  impinge  on  lofty 
ground  and  those  where  they  travel  over  plains  and  valleys, 
is  exceedingly  marked. 

Thus,  near  Bodmin,  in  Cornwall,  on  Dartmoor,  the  fall  i» 
43}  inches ;  and  at  Helstone,  in  the  same  county,  on  lower 
ground,  though  nearer  the  coast,  only  36|  inches.  At  Water- 
ford,  on  the  south  coast  of  Ireland,  it  is  39 J  inches;  at  Sligo^ 
on  the  west  coast,  38J  inches ;  and,  as  we  have  already  said, 
only  21^  inches  at  DubUn.  At  Liverpool,  which  is  flat,  it  is- 
24 j  inches ;  and  on  the  Lancashire  moors  adjacent  45  inches. 
On  the  high  ground  in  the  West  Eiding  of  Yorkshire  it  is 
50  inches ;  at  Leeds,  midway  across  England,  2 1  inches ;  and 
at  Patrington,  in  the  East  Riding  of  Yorkshire,  something- 
under  21  inches.  At  Seathwaite,  we  have  already  stated  that 
the  faU  is  127  inches;  and  a  few  miles  off,  at  Bishops  wear- 
mouth,  in  Durham,  on  the  other  side  of  the  moors,  it  is  only 
17  inches. 

It  is  sufficient  to  study  any  table  of  the  amount  of  rain-fall 
in  various  localities  in  England  to  perceive  the  entire  depen- 
dence of  the  average  on  local  conditions.  The  air  come* 
loaded  with  moisture  irom  the  Atlantic,  and  if  it  is  met  when 
in  this  state  by  a  mountain  side,  it  is  chilled,  and  heavy  rain 
falls  almost  incessantly.  If  it  passes  over  a  plain,  or  up  a 
wide  valley  towards  hills  in  the  interior,  the  fall  on  the  coast 
is  moderate,  and  in  the  interior  of  the  country  greater.  If  it 
reaches  the  east  side  of  the  island  without  much  interruption- 
from  hiUs,  it  retains  its  vapour,  but  this  rarely  happens.  Still 
the  averages  of  the  eastern  counties  of  Suffolk  and  Norfolk 
(2  6 J  inches  each)  are  not  far  from  the  average  of  the  central" 
county  of  Leicester,  26}  inches,  and  higher  than  that  of  the 
south  of  Derbyshire,  and  parts  of  Shropshire,  where  only  24 
inches  fall.  This  additional  rain-fall  on  the  eastern  coast  in 
certain  localities,  compared  with  the  fall  farther  north,  may  be- 
explained  by  reference  to  other  fhysical  conditions  connecteds 
with  the  prevalent  winds,  and  their  condition  on  reaching  tha 
shores  of  that  part  of  our  island. 

The  greatest  quantity  of  rain  in  the  British  islands  generally 
falls  in  the  months  of  October  and  March — the  smallest  quai^ 


884  AiB 

tity  in  February.    It  appears,  from  trustworthy  records  ranging 
over  a  period  of  nearly  one  hundred  and  fifty  years,  obtained 

■  from  various  stations,  chiefly  in  the  middle  of  England,  that 
the  ^ain-fall  has  been  on  the  whole  diminishing  during  that 

■  time.  This  is  not  easily  shown,  as  each  year  varies,  groups  of 
years  vary,  and  each  place  has  its  own  average;  but  there 
would  seem  to  be  little  doubt  as  to  the  general  conclusion. 

Bearing  in  mind  these  amounts  of  rain-fall  in  the  British 
islands,  it  will  be  easy  to  understand  that  in  the  interior  of 
continents  the  conditions  must  vary  yet  more  considerably 
than  with  us,  and  that  the  apparently  capricious  and  con- 
stantly changing  fall  is  the  result  of  causes  familiar,  and  to 
•some  extent  calculable.  Beginning  with  the  recognition  of 
zones  of  constant  precipitation,  or  frequent,  if  not  constant 
rain,  a  little  north  of  the  equator,  where  the  rain-fall  averages 
about  a  quarter  of  an  inch  per  day  every  day  of  the  year,  we 
find,  on  the  south  of  the  equator,  a  district  with  a  rainy  season 
of  six  months  and  a  dry  season  of  the  same  duration,  over  a 
great  part  of  which  rain  rarely  falls  at  night.  The  difference 
between  these  two  tropical  zones  must  be  sought  for  in  the 
■general  distribution  of  the  land  in  the  northern  and  southern 
hemisphere.  While,  however,  the  northern  equatorial  dis- 
trict is  remarkable  generally  for  almost  constant  precipita- 
tion, that  part  of  it  between  the  east  coast  of  Airica  and  s, 
line  running  from  Japan  to  New  Guinea,  has  rainy  and  dry 
seasons,  and  the  rain-fall  is  there  far  heavier  than  elsewhere. 
The  district  includes  a  vast  number  of  large  and  lofty  islands, 
and  the  whole  of  the  south  and  east  coasts  of  Asia,  besides 
the  tropical  part  of  eastern  Africa.  It  is  limited  towards  the 
north  by  the  mountain  chain  of  the  old  world. 

To  the  west  and  north  of  this  district  in  the  interior  of  Asia 
and  Africa  are  vast  regions  in  which  little  rain  falls.  These 
include  the  Sahara,  or  great  desert  of  Africa,  the  deserts  of 
Arabia  and  Persia,  and  the  deserts  of  Beloochistan,  Gobi,  and 
Thibet.  Five  millions  of  square  miles  of  land  are  included  in 
this  area.  So,  also,  on  the  west  of  the  great  mountain  chain  of 
America,  on  the  shores  of  Peru  and  on  the  northern  part  of 
Mexico,  are  districts  of  great  length,  though  narrow  breadth, 
where  also  rain  is  almost  unknown.  To  the  north  and  south 
■of  these  tracts  are  others  of  enormous  extent,  including  most 
jjart  of  the  civilized  world,  where  rain  is  unperiodic,  but 
^irequeut.     In  these  tracts  there  are  indeed  some  portions 
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almost  dry,  and  some  veiy  subject  to  rain;  some  have  wet 
and  dry  seasons.  These  depend  on  local  position,  and  we 
may  say  on  the  whole,  and  in  a  general  way,  that  as  we 
advance  from  a  coast  line  to  the  interior  of  a  continent  or 
great  island,  the  rain-faU  passes  more  or  less  gradually  from  a. 
maximum  to  a  minimum,  and  that  in  advancing  irom  a  cold 
to  a  warm  climate  the  converse  may  be  asserted,  the  rain-Mi 
gradually  becoming  larger  from  the  poles  to  the  ec[uator. 

It  is  probable  that  the  northern  hemisphere  may  be  regarded^ 
as  the  condenser  and  the  southern  hemisphere  the  water-reser- 
voir of  the  earth.  Owing  to  the  unequ^  distribution  of  land 
in  the  two  hemispheres  3ie  aqueous  vapour,  which  from  the 
autumnal  to  the  vernal  equinox  is  developed  to  an  immense 
extent  in  the  southern  hemisphere,  returns  to  the  earth  in  the 
other  half  of  the  year  in  the  form  of  rain  and  snow,  and  chiefly 
falls  on  the  land,  giving  out,  in  the  act  of  becoming  water,  a 
large  quantity  of  heat.  Any  great  change  in  the  distribution  of 
the  land  is  thus  accompanied  by  revolutions  in  the  distribution 
of  water  by  the  atmosphere.  The  earth  is  thus- subjected  to 
changes  of  climate  by  causes  that  at  first  seem  very  remote. 

The  amount  of  physical  force  exerted  in  the  phenomena  of 
evaporation  and  condensation  of  water  by  the  agency  of  the  • 
atmosphere  is  one  of  those  matters  easily  overlooked  and  very 
difficult  to  realise.  The  change  in  the  state  of  aggregation 
that  takes  place  when  aqueous  vapour  is  formed  from  the  ■ 
water  of  the  ocean  and  carried  into  the  air  requires  a  develop- 
ment of  force  compared  with  which  aU  ordinary  forces  vanish. 
To  convert  a  pound  of  water  at  the  boiling  point  into  a  pound 
of  steam  at  the  same  temperature  nearly  as  much  as  a  thousand 
times  the  quantity  of  heat  or  force  is  needed  that  would  raise  a 
pound  of  water  one  degree  F.  in  temperature.  But  this  latter 
force  is  equivalent  to  raising  778  pounds  of  water  one  foot 
high,  and  thus  the  conversion  of  one  pound  of  boiling  water 
into  vapour  is  equivalent  to  raising  746,524  pounds  weight 
(nearly  100,000  gallons  of  water)  one  foot  high. 

The  total  estimated  rain-faJl  on  the  land  of  the  earth, 
assuming  the  general  averages  for  the  tropics  and  temperate- 
zones  that  are  most  accordant  with  observation,  is  not  much 
less  than  200  millions  of  millions  of  tons  weight ;  and  if  to 
alter  the  above  illustration  we  suppose  this  quantity  annually 
removed  from  the  sea  by  evaporation  and  deposited  on  the 
land,  we  shall  find  by  a  simple  calculation  that  as  much  as 
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7,000  pounds  weight  of  water  are  evaporated  every  minute  on 
lan  average  throughout  the  year  from  each  square  mile  of 
ocean.  The  conversion  of  this  into  vapour,  its  conveyance 
-iSthrough  the  air,  and  its  re-eondensation,  involves  an  expendi- 
ture of  force  equivalent  to  the  lifting  of  very  much  more  than 
1,500,000  millions  of  millions  of  pounds  of  water  one  foot 
>tigh  per  minute  of  time  during  the  whole  period.  It  must  be 
remembered,  that  besides  evaporation  from  the  sea  there  is 
also  a  very  large  evaporation  from  the  surface  of  the  land,  in 
all  parts  of  the  earth,  but  especially  where  there  is  frequent 
-rain  and  the  rocks  are  such  as  to  allow  of  the  percolation  of 
water.  In  England,  it  is  estimated  that  half  the  rain-fall 
tpassea  back  in  this  way  into  the  air. 

This  vast  and  almost  incredible  result  of  the  sun's  action 
on  the  earth  is  altogether  independent  of,  and  in  addition  to, 
the  force  of  gravitation ;  it  is  one  of  the  results  of  that  form  of 
motion  which  we  recognise  under  the  name  of  heat,  but  which 
is  certainly  resolvable  into  the  other  forces  of  electricity  and 
chemical  action.  It  is  a  fraction  only  of  the  real  amount  of 
force  exerted,  for  much  of  the  water  raised  by  evaporation 
-from  the  ocean  falls  back  again  to  the  ocean  without  reaching 
the  land,  nor  have  we  included  the  amount  of  force  required 
to  transport  the  vapour  froin  one  point  to  another.  It  is  a 
work  going  on  incessantly,  and  one  that  has  probably  been 
..going  on  at  nearly  the  same  rate  during  all  time.  Were  it 
not  that  the  total  amount  of  force  exerted  on  matter  is  always 
the  same,  so  that  it  is  only  the  mode  that  has  to  be  deter- 
mined, not  the  force  that  has  to  be  supplied,  we  might  well 
■heUeve  that  the  force  would  be  in  time  exhausted,  and  that 
not  even  the  sun  itself  could  endure  a  drain  so  vast  and  so 
yerpetual. 

Bain  in  all  ordinary  cases  results  from  the  complete  con- 
densation of  aqueous  vapour  that  has  already  become  visible, 
^either  as  mist  or  as  cloud.  But  it  is  not  absolutely  necessaiy 
that  these  intermediate  conditions  should  be  passed  through. 
An  excessively  fine  rain  sometimes  falls  in  some  countries  in 
■A  clear  sky  during  the  fine  season  immediately  after  sunset 
It  is  called  serein,  and  is  attributed  to  the  cold  resulting  from 
radiation,  producing  immediate  condensation.  The  elastic  and 
transparent  aqueous  vapour  itself,  warmed  during  sunshine, 
.begins  to  radiate  heat  when  the  sun  disappears.  The  results 
fire  cold,  condensation  and  rain. 
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Though  not  a  matter  of  actual  observation  from  long  series 
of  records  in  differents  parts  of  the  world,  there  is  a  general 
impression,  and  some  probability,  that  the  rain-fall  differs  at 
-different  periods  of  the  moon's  age.  From  observations  rang- 
ing over  thirteen  years,  made  at  a  station  in  the  Himalayas, 
€,500  above  the  sea,  where  the  total  fall  averages  89-6  inches, 
snd  the  rainy  season  ranges  from  May  1  to  October  31,  it 
fcppears  that  the  mean  daily  fall  being  "487,  the  mean  fall 
on  the  day  of  full  moon  was  -399,  and  on  the  day  of  new  moon 
•403.  On  the  day  of  the  first  quarter  it  was  -535,  and  on  the 
day  of  third  -529.  The  rain-fall  also  appears  to  have  been 
always  less  from  first  quarter  to  third  than  from  third  to  first.* 

We  have  already  spoken  approximately  of  the  quantity  of 
water  that  falls  on  the  land  from  the  atmosphere.  Its  amount, 
as  estimated  from  the  observed  averages  of  rain-fall  in  different 
pai-ts  of  the  world,  may  be  stated  as  follows.  The  totals, 
though  mere  approximations,  are  not  without  value  in  refer- 
ence to  the  uses  made  by  nature  of  these  large  supplies,  and 
the  importance  of  local  position. 

Ana  of  land.  Total  amiaal  raln-falL 

in  sqoare  in  millions  of  In  millions  of 

miles.  cubic  feet.  tons  weight. 

BTorth  and  south  torrid  zone  19,400,000  4,282,750,000  119,500,000 

Korth  temperate  zone     .     .  25,150,000  2,160,500,000  60,000,000 

South  temperate  zone     .     .  4,350,000  261,500,000  7,300,000 

If  orth  and  south  frigid  zone  2,600,000  70,250,000  2,000,000 


51,500,000    6,775,000,000    188,800,000 


We  have  already  had  occasion — anticipating  in  some  measure 
'the  results  of  the  present  chapter — to  point  out  the  mode  in 
which  this  quantity  of  water  is  carried  back  to  the  parent 
ocean.  A  large  proportion  runs  off  directly  in  streams  and 
rivers,  a  large  part  is  re-evaporated,  and  the  remainder  dis- 
sppears  for  a  time  in  the  interior  of  the  earth  to  re-appear  in 
springs.  After  working  its  way  through  the  earth,  tim  final 
residuum  feeds  the  rivers  with  additional  supplies. 

•  Proc  Soyal  Soc    Vol.  xvi.,  p.  214. 


CHAPTER  XV. 

CLIMATE  AND  WEATHER. 

Climate. 

CuMATE  is  a  very  complex  matter,  and  one  dependant  on  a 
great  variety  of  conditions.  It  is  the  general  resultant  of  all 
those  atmospheric  phenomena  that  we  have  been  considering 
in  the  last  two  chapters,  and  it  therefore  iacludes  the  tempera- 
ture of  the  air  at  various  times  and  seasons,  the  range  and 
variation  of  temperature,  the  direction  and  force  of  the  winds 
that  prevail,  the  liability  to  storm,  the  amount  of  humidity  in 
the  air  at  various  seasons,  the  quantity  of  cloud,  mist  and  rain, 
the  distribution  of  rain,  and  the  varieties  of  electrical  condi- 
tion. These,  to  some  extent,  affect  and  depend  on  each  other, 
but  all  may  ultimately  be  traced  to  certain  general  causes  con- 
nected with  physical  geography.  Among  such  causes  are : — 
(1)  The  position  of  the  station  in  latitude.  (^2).  The  size  and 
figure  of  the  land  on  which  the  station  is  situated,  whether 
detached  island,  archipelago,  or  continent.  (3).  The  elevation 
of  the  station  above  the  sea,  (4).  The  position  of  the  land  on 
which  the  station  is  placed,  with  reference  to  the  neighbour- 
ing land.  (5).  The  position,  distance  and  direction,  magni- 
tude and  elevation  of  the  nearest  continent.  [6).  The  nature,, 
magnitude  and  direction  of  the  nearest  great  marine  current 
CO  the  shores. 

Heat  is  a  very  essential  part  of  climate.  The  absolute 
quantity  of  the  sun's  rays  falling  upon  any  level,  unclouded 
spot  on  the  earth's  surface  during  the  year  would  depend 
strictly  on  the  latitude.  Provided,  then,  there  were  no  dif- 
ference in  the  quantity  of  cloud,  there  would  be  none  in  the 
quantity  of  heat  received  in  places  on  the  land,  provided  the- 


CIJMATE.  Z99 

groimd  were  level  and  the  height  above  the  sea.  loe  same.  But 
tiiough  the  heat  falling  on  all  sach  places  might  correspond, 
the  quantity  absorbed  and  available  must  depend  on  the  clear- 
ness of  the  air  and  on  the  soil.  Even  when  the  conditions, 
are  most  simple,  therefore,  places  in  the  same  latitude,  and 
apparently  under  similar  conditions,  vary  greatly,  receiving 
and  retaining  different  amounts  of  heat.  But  when  it  is  con- 
sidered how  much  heat  is  added  or  taken  away  by  hot  or  cold 
winds,  how  completely  some  places  are  sheltered  and  others 
exposed,  how  wai-m  ai-e  many  sunny  slopes,  and  how  much 
many  valleys  lose  of  their  fair  proportion  of  sunshine, — how 
often  valleys,  plains,  and  hill-tops  are  swept  by  cold  winds, 
and  are  rapidly  cooled  before  the  heat  of  the  sun  has  time  to 
penetrate  into  the  soil  and  rock  beneath, — the  inequalities  of 
supply  in  different  places  under  the  same  latitude  will  be  seen 
to  be  infinite. 

The  quantity  of  heat  received  in  any  spot  is  expressed  in 
figures  by  the  average  height  of  the  thermometer  during  a 
whole  year,  estimated  from  observations  made  daily,  and  ex- 
tending over  many  years.  For  this  result  it  is  necessary  that 
observations  should  be  first  taken  to  deteri:(iiue  the  times  of 
day  at  which  the  thermometer  is  nearest  the  average  of  the 
twenty-four  hours.  This  being  done  carefully,  the  height  of 
the  thermometer  is  recorded  with  unfailing  regularity  at  the 
same  time,  and  when  a  sufficient  number  of  records  have  been 
kept,  the  average  is  struck. 

As  the  eaxth  incessantly  radiates  heat  into  space,  and  at  the 
same  time  receives  heat  from  the  sun  and  other  bodies  in  the 
universe,  according  as  it  is  exposed  to  them,  it  wiU  be  evident, 
that  although  on  the  whole  the  amount  received  and  radiated 
may  be  equal,  the  distribution  cannot  fail  to  be  different  in 
different  latitudes.  At  the  poles,  heat  is  received  for  six 
months  and  is  absent  for  six  months,  while  at  the  equator  every 
place  is  alternately  exposed  to  and  removed  from  the  influence 
of  the  sun's  rays  every  twelve  hours.  Between  the  two  are  all 
intermediate  stages.  Owing  to  the  circumstances  of  the  earth's 
rotation  and  the  sun's  path,  there  are  certain  modifications  of 
the  distribution  of  heat  which  are  calculable  and  regular;  and 
owing  to  the  fact  that  the  surface  exposed  to  the  sun's  rays  is 
partly  land  and  partly  water,  very  irregulaily  situated,  but  act- 
ing very  differently  in  respect  to  the  absorption  and  radiatioa 
of  heat,  there  are  great  irregularities  in  &e  distribution  not 
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determinable  without  great  difficulty.  The  presence  of  an  at- 
mosphere, in  some  places  clear  and  dry,  in  others  loaded  with 
vapours  and  gases  affecting  radiation,  tends  to  modify  the  re- 
sult very  considerably.  The  air  also  becomes  warmed  or  cooled 
by  contact  with  the  earth,  and,  being  readily  displaced,  is  set . 
in  motion  by  these  changes  of  temperature,  and  distributes 
heat  as  well  as  becomes  converted  into  wind.  The  sea  also 
retains  a  moderate  temperature,  equable  compared  with  the 
laud ;  and  thus  islands  and  sea  coasts  enjoy  more  moderate 
•climates  than  places  far  in  the  interior  of  great  continents. 

Among  the  early  efforts  to  estimate  the  relative  temperature 
in  different  parts  of  the  world  were  those  of  George  Forster, 
at  the  close  of  the  last  century,  who  showed  that  the  climate 
of  North  America,  in  the  interior,  was  far  milder  than  on  the 
east  coast.  A  little  later,  Humboldt  described  the  method  of" 
obtaining  the  mean  annual  temperature  of  a  place  and  the 
great  difference  of  lines  on  the  globe  connecting  places  having 
the  same  mean  annual  temperature  (isothermal  lines)  with 
those  having  the  same  summer  or  winter  temperature  (isothe- 
rals  and  isocheionals).  The  monthly  isothermaJs  were  after- 
wards calculated  and  delineated  by  Dove.  As  the  temperature 
lowers  on  ascending  to  heights  above  the  sea  level,  these  tables 
are  reduced  so  that  they  represent  the  temperature  at  the  sea. 
The  decrease  of  temperature  for  an  elevation  of  300  feet  is 
about  one  degree  of  Fahrenheit.  It  must  also  be  understood 
that  sets  of  isothermal  lines  form  isothermal  planes,  whose  in- 
tersection with  the  surface  of  the  earth  at  the  sea  level  forms 
the  isothermal  lines  referred  to.  Most  of  the  isothermals  are 
in  pairs,  intersecting  both  hemispheres  and  oscillating  on  fixed 
points  at  or  near  the  equator.  The  highest  and  lowest  isothe^ 
mals  are,  however,  limited  and  local. 

As-  the  temperature  of  each  month  varies  much  in  different 
years,  great  care  is  needed  in  reducing  local  observations ;  but  as 
important  variations  are  never  merely  local,  the  same  character 
-of  weather  prevails  over  large  portions  of  the  globe,  and  thus 
great  ikcility  is  given  for  tabulating. 

The  general  result  of  a  study  of  the  monthly  isothermals 
may  be  stated  in  a  few  words,  although  the  details  are  nume- 
fous  and  complicated.  Asia  has  cold  winters  and  hot  summers. 
In  Europe  these  extremes  are  moderated  everywhere ;  and  on 
the  west  coast  and  in  the  British  islands  they  become  reduced 
to  a  minimum.    In  America  there  are  severe  winters  and  a 
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cold  spring;  the  summer  approximates  that  of  Europe,  but 
the  Rutumu  is  finer.  The  interior  of»each  continent  is  more 
extreme  than  the  coast,  and  the  eastern  coast  is  more  extreme 
than  the  western.  The  influence  of  the  gulf  stream  greatly 
warms  the  winter  of  the  north-western  coast  of  Europe,  and 
the  melting  of  the  ice  drifting  into  the  North  Atlantic  affects 
the  summer  in  the  opposite  direction. 

But  there  is  another  modifyiiig  cause  which  must  not  be 
overlooked,  arising  from  the  position  of  the  monthly  isothermal 
lines  just  alluded  to.  Over  the  continent  of  Asia,  during  sum- 
mer, a  very  high  temperature  is  developed,  causing  a  powerful 
ascending  current,  which  lessens  the  atmospheric  pressure  and 
becomes  a  centre  towards  which  the  adjacent  masses  of  air  ar« 
drawn.  Therefore  it  is,  that  the  SE.  trade,  converted  into  a 
SW.  monsoon,  follows  the  retreating  NE.  trade  up  to  the  foot 
of  the  Himalaya;  therefore,  at  the  same  season  cold  NW. 
winds,  which  often  render  our  summers  ungenial,  pass  over 
Europe,  while  east  winds  prevail  on  the  eastern  coast  of  north- 
em  Asia  and  northerly  winds  on  the  coasts  of  the  Siberian 
Polar  sea.  The  mass  of  air  ascending  over  Asia  in  summer 
floats  away  laterally  in  the  higher  regions  of  the  atmosphere, 
and  is  accumulated  at  the  temporarily  convex  summits  of  the 
isothermals ;  while  in  the  regions  of  cold  spring  (the  Arctic 
regions  of  America),  the  maximum  of  atmospheric  pressure 
occurs  during  the  sprin  ^  uiuuths. 

The  temperature  of  the  earth's  surface,  taken  generally,  in- 
creases from  January  to  July  about  8°  F.  In  the  northern 
hemisphere  the  mean  temperature  is  nearly  60*  F.,  and  in 
the  southern  hemisphere  56^*  F.  The  mean  temperature  of 
the  earth  is  estimated  at  58^°  F.  The  cause  of  flie  greater 
temperature  of  the  northern  hemisphere  is  to  be  found  in  the 
smaller  proportion  of.  water  and  the  greater  power  of  earth  than 
water  to  absorb  heat.  The  climate  of  the  southern  hemisphere 
is  marine  and  insular,  that  of  the  northern  hemisphere  conti- 
nental.    The  former  is  extreme,  the  latter  average. 

In  the  northern  or  land  hemisphere  the  extreme  of  cold  is 
reached  on  the  eastern  side  in  Siberia,  near  Jakoutsk,  and 
averages  40°-5  below  zero  of  Fah.  In  America,  in  the  same 
month,  the  average  is  -27°  Fah.  The  case,  in  February,  is 
different,  the- maximum  of  cold  being  then  reached  on  the 
western  aide  of  the  Atlantic.  At  this  time,  British  North 
America,  with  its  numerous  sheets  of  water,  approximates  to 
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the  condition  of  an  ice-covered  continent.     During  the  subse^ 
qnent  months  the  position  of  the  coldest  point  constantly  shifts. 

It  is  of  course  warmer  in  the  day-time,  when  the  sun  is  shin- 
ing, than  at  night  during  his  absence,  and  this  difference  is  oftea 
considerable.  The  highest  and  lowest  temperatures  of  each 
twenty-four  hours  being  recorded,  the  difference  between  them 
shows  the  range  of  the  thermometer  for  the  day.  This,  also, 
is  subject  to  averages;  and  thu^  we  have  an  average  dailyl 
monthly,  and  annual  range,  as  well  as  an  average  total  heat. 

It  is  by  observations  alone  that  we  learn  the  mode  in  which 
the  heat  is  distributed,  a  matter  that  affects  climate  to  an  ex- 
treme degree.  The  mere  quantity  of  heat  actually  received. 
during  the  year  on  the  earth  at  any  place  is  unimportant  in 
its  influence  on  life,  compared  with  tlie  mode  in  which  the  dis- 
tribution is  effected;  so  that  one  must  judge  of  climate  muck 
more  by  the  range  of  the  thermometer  than  by  its  average 
height.  It  appears  that  more  illness  occurs  when  the  mean 
daily  temperature  in  England  sinks  below  45",  or  rises  above 
65°,  than  at  other  times ;  and  there  is  not  a,  doubt  that  a  wide 
thermometer-range  greatly  increases  the  mortality,  and  modi- 
fies all  tabular  statements  of  sanitary  condition. 

The  epoch  of  the  development  of  vegetation  is  connected 
with  the  occurrence  of  a  definite  temperature,  and  there  fire 
thus  means  of  identifying  the  monthly  and  seasonal  isother- 
mals  which  might  first  appear  of  little  use.  In  this  way  the  , 
gulf  stream  is  recognised  as  advancing  the  spring  isothermal 
in  western  Europe,  and  the  Arctic  stream  as  retarding  vege- 
tation and  altering  the  summer  isothermal  at  Newfoundland. 
In  western  Europe  the  spring  advances  not  from  south  to 
north,  but  rather  from  south-west  to  north-east. 

The  range  of  temperature  may  be  estimated  either  in  re- 
spect to  years,  seasons,  months,  or  days.  The  difiference  is 
very  great  between  winter  and  summer,  aiid  each  month  has 
its  own  peculiarities,  but  the  daily  range  of  the  thermometer 
marks  better  the  effect  of  temperature  on  health  and  vegeta- 
tion than  any  other  single  fact. 

The  daily  range  is  the  extreme  difference  between  the 
greatest  heat  of  day  and  the  greatest  cold  of  night,  and  tlie 
average  must  be  obtained  from  a  series  of  observations  ex- 
tended over  many  years.  There  are  no  means  of  generalising 
in  the  science  of  meteorology  without  abundant  facts,  and  the 
facts  axe  of  no  value  unless  the  instruments  used  are  of  the 
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test  manufacture,  and  have,  preyious  to  use,  been  carefully 
tsompared  with  known  standards. 

The  average  daily  range  of  the  thermometer  at  Greenwich 
is  rather  more  than  16°  F.  In  the  month  of  December,  how- 
ever, the  range  is  little  more  than  half  that  amount,  while 
during  the  months  from  May  to  September  inclusive,  it  is 
very  much  more  than  the  mean,  averaging  then  as  much  as 
aOo.  In  other  parts  of  the  country,  especially  in  the  south- 
"west  of  England,  both  the  average  and  the  extremes  are  much 
smaller. 

That  the  reader,  unaccustomed  to  consider  this  statistical 
■way  of  stating  the  fact,  may  see  more  clearly  the  meaning  and 
■value  of  the  difference  of  climate  produced  by  a  different 
range  of  daily  temperature,  let  us  present  one  or  two  famUiar 
■examples  in  illustration.  In  London  and  the  country  ai'ound 
it  is  not  unusual,  when  we  rise  in  the  morning  and  look  at 
the  thermometer,  in  the  month  of  June  or  September,  to  find 
it  little  above  40°,  and  sometimes  it  may  not  exceed  35°.  Lf 
we  have  a  register  thermometer  to  refer  to  we  may  find,  (e. 
"the  state  of  our  garden  produce  may  show,  in  the  absence  of 
such  an  instrument),  that  there  has  been  frost  during  the 
night.  As  the  day  advances  the  sun  shines  warmly,  and  to- 
-wards  two  o'clock  the  heat  becomes  considerable,  the  ther- 
mometer rising  perhaps  to  70»  Towards  sunset  the  heat 
•diminishes  rapidly ;  at  night,  if  the  sky  is  clear,  there  will  be 
rapid  radiation  from  the  earth,  the  cold  wiU  become  severe, 
:and  the  thermometer  will  faU  till  it  reaches  the  freezing  point. 
There  is  thus,  in  the  twenty-four  hours,  a  range  of  38". 

It  may,  however,  happen  that  after  such  a  day  as  we  have 
described,  clouds  wiU  cover  the  sky  at  night.  Under  these 
circumstances  radiation  ceases,  and  the  night  temperature 
•will  not  fall  below,  if  it  even  touch,  440. '  The  next  morning, 
Ihe  clouds  continuing,  and  the  air  being  calm,  the  whole  day 
may  pass  without  the  thermometer  rising  to  SO".  During 
this  day,  then,  the  range  vpill  only  be  6"  instead  of  38',  the 
■average  of  the  two  days  being  22",  made  up  in  the  way  just 
alluded  to. 

These  thermometer  differences,  though  perfectly  correct, 
•do  not  agi-ee  in  all  cases  with  the  evidence  of  the  senses. 
When  the  sky  is  covered  and  there  is  a  certain  amount  of 
moisture  in  the  air,  with  a  high  thermometer,  there  is  often 
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a  sense  of  chill,  while  with  a  clear  sky  and  dry  atmosphere, 
but  a  low  thermometer,  there  is  no  feeling  of  cold,  unless  the 
wind  blows  from  some  cold  quarter. 

But  temperature,  though  very  important  in  its  influence  on 
climate,  is  by  no  means  the  only  element  for  consideratioOk. 
The  barometer,  also,  records  its  facts  concerning  the  pressure' 
of  the  air,  and  various  instruments  are  employed  to  register 
the  direction  and  force  of  prevailing  winds. 

The  pressure  of  the  air  is  as  constantly  altering  under  the- 
influence  of  changing  temperature  and  wind  as  the  pressure- 
of  the  water  on  the  rise  and  fall  of  the  tide,  and  the  amount 
of  difterence  is  more  considerable,  more  easily  detected,  and 
much  more  important  in  its  influence  on  animals  and  plants. 
For  the  air  is  exceedingly  elastic,  very  easily  alTected  by  every 
cause  of  change,  and,  in  return,  a  change  in  its  condition  at 
once  afiects  all  living  nature.  Just  as  there  are  tides  in  the' 
sea,  so  there  are  tidal  movements  in  the  air, — waves  of  air 
passing  along  over  our  heads.  Sometimes  we  are  buried  under 
heavy  pressure,  and  the  barometer  rises  to  show  it ;  sometimes 
we  are  under  the  hoUbw  of  the  wave,  the  pressure  is  for  a 
time  greatly  diminished,  and  the  barometer  falls  to  an  unusual 
depression.  The  air  above  us,  being  very  elastic,  adapts  itself 
instantaneously  to  all  these  changes,  and  healthy  persons, 
being  almost  equally  adaptable,  do  not  perceive  them  except 
by  the  aid  of  instruments ;  but  when  out  of  health,  or  whei* 
advancing  years  remind  us  that  the  elasticity  of  youth  is  gone,. 
we  become  far  more  sensitive,  and  require  no  barometer  to 
inform  us  of  the  vicinity  of  east  or  south-west  winds,  and  the 
altered  pressure  consequent  upon  their  advance  towards  us. 

The  position  of  any  place  with  regard  to  other  land,  the- 
elevation  of  the  adjacent  land,  and  the  vicinity  of  a  great 
ocean,  are  the  local  peculiarities  that  chiefly  influence  thft 
character  of  prevailing  winds.  Thus,  in  England,  the  land 
extends  towards  the  east,  north-east,  and  south  ;  high  land 
lies  far  away  towards  the  south-east,  cold  land  exists  to- 
wards the  north-east,  a  warm  ocean  lies  to  the  west,  and  hug& 
masses  of  ice  occasionally  float  down  in  that  ocean  from  the- 
north  to  certain  limits  of  latitude.  It  is  not,  therefore,  sur- 
prising that  east  winds  are  dry,  north-east  winds  generally 
dry  and  cold  in  spring,  south-west  winds  warm  and  wet,  north- 
west winds  cold  and  wet  in  spring,  and  pleasant  in  summer 
and  autumn,  and  south  winds  hot.     It  would  be  strange  if  it 
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were  otherwise.  On  the  other  hand,  at  New  York  the  con- 
trary conditions  prevail:  east  there  corresponds  with  west 
here,  west  corresponds  with  our  east;  north-east  wind  there 
comes  over  the  ice  floating  down  from  the  North  Pole,  while 
Bouth-west  winds  come  across  the  dry,  hot  plains  west  of  the 
Mississippi.  So  with  other  localities:  each  has  its  own  set 
of  winds;  some  are  dry  and  burning,  some  moist  and  warm, 
some  cold  (whether  wet  or  dry) ;  and  in  aU  cases  for  a  similar 
reason,  namely,  that  the  wind  blowing  across  a  large  tract  of 
the  earth's  surface  gradually  acquires  certain  characteristics 
from  the  state  of  the  surface. 

If,  then,  we  would  describe  a  climate,  we  cannot  do  so  without 
alluding  to  the  nature  and  peculiarities  of  the  prevailing  winds. 
To  say  that  north-east  winds  prevail  in  the  east  of  England 
during  a  certain  season,  is  to  characterise  that  season  as  either 
hot  or  cold,  according  as  the  period  of  the  year  is  summer  or 
winter.  The  east  winds  of  spring  are  cold,  and  generally  dry, 
because  they  pass  over  much  land,  giving  out  moisture  rather 
than  absorbing  it.  The  east  winds  of  summer  are  often  hot 
and  dry,  because  at  that  period  Europe  is  far  hotter  than 
England.  The  south-west  winds  are  almost  always  warm, 
and  wet  or  dry  according  to  the  temperature  of  the  land ;  for 
hot  air  absorbs  much  more  moisture  than  cold,  and  therefore 
a  wind  fully  saturated  with  water,  coming  within  the  influence 
of  cold  eai'th,  deposits  rain  in  large  quantities ;  while  the  same 
wind,  if  blowing  over  land  heated  above  its  own  temperature, 
becomes  relatively  dry,  being  ready  to  absorb  moisture,  and 
affecting  animals  and  plants  accordingly. 

Bearing  in  mind  these  remarks,  the  importance  of  position 
as  influencing  climate  will  be  recognised.  There  is,  however, 
another  point ;  for,  near  the  extreme  edge  of  a  continent,  and 
in  all  the  islands  situated  near  the  border-land  of  a  continent 
and  a  great  ocean,  there  is  inevitably  a  great  contest  of  oppoB- 
ing  winds.  On  the  west  coast  of  Europe,  where  England  is 
situated,  there  is  a  frequent  meeting  of  wet  westerly  winds 
with  dry  easterly  winds.  Throughout  the  year  the  former 
change  but  little  in  temperature,  because  the  ocean  generally, 
and  the  currents  of  that  part  of  the  Atlantic  that  wash  the 
English  shores  especially,  retain  an  average  temperature. 
But  the  east  winds  are  much  more  changeable,  for  in  sum- 
mer they  are  often  intensely  hot,  and  in  winter  equally  cold. 
I)uring  the  former  season,  heated  by  the  earth,  they  are  dis- 
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placed  bj  the  cooler  west  winds  coming  from  the  sea ;  during 
the  latter,  the  warmer  westerly  breezes  are  displaced  by  the 
cold  east  winds.  The  great  seat  of  these  changes  is  the  Mnge 
of  land  near  the  ocean,  and  the  islands  adjacent.  Here  the 
storm-winds  blow ;  on  these  shores  the  battle  rages ;  and  at 
the  critical  periods  between  the  seasons,  in  the  months  of 
March  and  April  in  the  early  year,  and  of  September  and 
October  in  the  later,  the  result  is  seen  in  the  so-called  equi- 
noctial gales,  for  which  these  parts  of  the  year  are  so  unfavour- 
ably notorious. 

Nor  is  this  the  only  result  of  the  opposing  winds.  When- 
ever warm  and  moist  air  comes  in  contact  with  other  air 
colder  and  not  extremely  dry,  the  mixed  air  is  unable  to  re- 
tain the  whole  of  tho  .moisture  in  an  invisible  form,  and  the 
water  contained  becomes  visible  in  fog  and  mist,  if  it  does  not 
fall  in  rain.  Thus,  the  shores  of  England,  on  the  south  coast 
especially,  are  enveloped  in  fog  during,  or  at  the  commence- 
ment of,  the  east  winds  of  spring  and  autumn ;  and  even  in 
summer  a  sudden  change  of  wind  will  f)fteD  be  exhibited  in 
this  very  disagreeable  form. 

The  quantity  of  rain  falling  when  the  clouds,  formed  at  the 
contact  of  winds  of  different  temperature,  are  imable  longer 
to  retain  the  water  they  have  absorbed,  has  already  been 
stated.  Ireland,  from  its  position,  and  Westmoreland,  Cum- 
berland, and  Wales,  Irom  their  high  land,  are  the  most  re- 
markable districts,  in  this  respect,  in  our  part  of  the  world. 
In  the  tropics,  where,  owing  to  the  much  higher  temperature 
of  the  earth  and  air,  the  quantity  of  water  carried  up  into, 
and  held  in  solution  by,  the  air  is  enormously  greater  than  is 
Europe,  the  rains  are  proportionally  heavier.  Climate  ia 
greatly  influenced  not  only  by  the  rain-fall,  but  by  the  pw^ 
portion  of  cloud  in  the  atmosphere;  and  not  only  by  the 
amount  of  rain,  but  by  the  number  of  days  during  the  year 
on  which  it  falls,  the  amount  of  rain  that  falls  at  a  time,  and 
the  mode  of  its  distribution. 

The  general  conditions  of  the  climate  of  England  are  not 
very  unfavourable  in  these  respects,  and  notwithstanding  the 
prevalent  impression  among  foreignors,  that  the  sun  never 
shines  in  England,  it  is  probably  not  far  from  the  truth  to  say, 
that  there  are  few  countries  where  each  day  of  the  year  contains 
so  fair  a  share  of  weather  on  which  it  is  safe  and  pleasant  to  be 
exposed  to  the  air  as  our  own  island.     Owing  to  the  conditions 
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•already  alluded  to,  the  number  of  days  partially  clouded  is 
very  large ;  so  large  indeed,  that  one  can  hardly  say  that  it  is 
much  less  than  three  hundred  and  sixty-five.  But  the  quan- 
tity of  cloud  is  rarely  sufficient  to  hide  the  sky  during  the 
whole  day,  except  during  the  equinoctial  seasons.  Generally 
ihere  is  a  mixture  of  fair  and  doudy  weather  every  day  ;  and 
though  we  do  not  often  enjoy  uninterrupted  sunshine,  we 
rarely  suffer  fi:om  long-continued  unfavourable  seasons.  Rain 
-seldom  fails  so  heavily  as  to  do  mischief;  and  few  parts  of  the 
country,  except  those  near  the  level  of  the  sea,  suffer  seriously 
•from  floods,  even  in  extraordinary  seasons. 

In  this  respect,  again,  both  animal  and  vegetable  life  are 
favourably  influenced  by  our  island  climate.  While  in  the 
interior  of  Europe  the  corn  crops  are  sometimes  much  heavier, 
and  the  vine  ripens  its  fruit  in  the  open  air,  the  cold  of  winter 
is  often  intense,  and  the  summer  heat  scorching.  On  the 
other  hand,  the  average  temperature  and  frequent  rain-fall  on 
the  western  shores  of  the  Continent,  and  especially  in  the 
islands  there  situated,  insure  a  permanent  clothing  of  vegeta- 
tion, singularly  pleasing  to  the  eye,  and  by  no  means  unprofit- 
able to  the  farmer.  The  clouded  state  of  the  air  also,  while 
it  keeps  off  heat  and  the  radiation  of  heat  from  the  ground, 
■does  not  appeal"  to  be  unfavourable  to  the  growth  and  ripening 
•of  many  very  valuable  crops  ;  and  the  variety  of  these  crops 
■folly  malves  up  for  the  increased  certainty,  but  more  limited 
range,  of  useful  vegetable  products  in  other  countries.  It  is 
also  well  known,  that  almost  all  domesticated  animals  are 
most  healthy,  and  admit  of  fullest  development,  in  the  com- 
paratively moist  and  changeable  but  moderate  climate  of  the 
-coast,  than  in  the  more  extreme  temperatures  and  more  regi>> 
lated  conditions  of  the  interior  of  a  lai'ge  tract  of  land. 

The  electrical  condition  of  the  air  is  an  element  of  climate, 
which,  though  not  yet  measm'ed  very  satisfactorily,  is  too  im- 
portant to  pass  without  notice.  The  condition  of  the  air,  re- 
■cognised  by  meteorologists  under  the  term  ozone,  has  yet  to 
be  explained.  According  to  Professor  Tyndall,  ozone  may 
•be  a  peculiar  aggregation  of  oxygen  atoms.  Heat  dissolves 
this  union  and  causes  the  ozone  to  vanish.  However  this 
may  be,  the  air  is  certainly  subject  to  very  singular  and 
important  electrical  changes,  marked  and  measured  by  the 
methods  used  to  determine  the  presence  and  quantity  of 
ozone  in  the  atmosphere.     During  certain  seasons,  and  in 
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certain  places,  the  air  is  well  known  to  become  highly  unfaToor- 
able  to  human  constitutions ;  or,  in  other  words,  it  so  acta  on  th» 
human  frame  as  to  induce  fever  and  other  diseases,  apparently 
without  reference  to  mechanical  impurities  contained  in  it. 
Assuming  that  this  is  owing  to  some  determinable  state,  and 
combining  observations,  it  would  seem  clear  that  the  mias> 
matic  condition  is  generally  accompanied  by  a  peculiar  want 
of  development  of  ozone.  This  may  be  understood  to  mean 
that  the  air  is  then  in  an  exceptional  electrical  state,  within 
the  power  of  observation  to  record. 

In  this,  as  in  so  many  other  matters,  the  vicinity  of  the 
ocean,  and  the  constant  freshening  of  the  air  by  mixture  with 
other  air  that  has  passed  over  a  large  extent  of  sea,  seems 
favourable  to  life,  while  the  influence  of  a  large  tract  of  land 
is  unfavom-able.  Islands  are,  therefore,  eateris  paribus,  more 
healthy  than  places  far  removed  from  the  sea,  although  there 
is  no  doubt  that  some  islands,  especially  in  the  tropics,  where 
the  decay  of  organic  matter  is  extremely  rapid,  are  among  the 
least  healthy  localities. 

Electric  storms  can  hardly  be  said  to  influence  climate  very 
much,  although  they  are  generally  regarded  as  leaving  the 
atmosphere  in  a  more  healthy  state  than  before  the  storm. 
Hail,  essentially  an  electric  result,  is  occasionally  produced  in 
the  air  in  all  countries ;  hail-storms  of  moderate  extent  being 
chiefly  common  in  the  vicinity  of  the  sea,  while  very  severe 
hail-storms  in  temperate  latitudes  are  more  frequent  in  the 
interior  of  a  continent. 

So  many  matters  combining  to  produce  a  certain  kind  of 
dimate,  it  is  clear  that  even  in  the  same  very  small  tract  of 
land  there  may  be  differences  in  this  respect.  How  great 
these  differences  are,  and  how  many  varieties  may  be  found, 
even  within  a  very,  short  distance,  can  hardly,  however,  be 
understood  without  much  careful  inquiry.  In  England,  the- 
(dimate  of  Brighton  and  that  of  Torquay  are  well  known  to 
differ  essentially?  The  climate  of  Bath  is  very  different  from 
that  of  Cheltenham ;  and  Malvern,  again,  is  different  from 
both.  All  these  are  quite  distinct  from  Harrogate,  and 
Harrogate  is  different  from  Scarborough,  while  both  are  un- 
like the  lake  districts  of  Cumberland  and  Westmoreland.  It 
would  be  difficult  at  present  to  say  exactly  why  these  differ^ 
ences  exist ;  but  the  fact  is  notorious,  and  the  full  bearing  ot 
such  a  fact  is  extremely  important. 
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The  climate  of  Europe  generally  is  more  extreme  than  that 
of  England,  and  that  of  England  more  so  than  that  of  Ireland. 
The  outlying  lands — those  nearest  the  Atlantic,  and  those 
most  completely  detached — possess  most  nearly  the  climate- 
of  the  ocean,  and  the  lands  far  within  the  continent  exhihit 
an  exact  contrast.  Wet  winds  blow  from  the  sea,  and  as 
they  advance  inland  become  drier,  so  that  when  they  reach 
the  opposite  coast  they  are  the  driest  that  can  he  felt,  unless- 
there  are  large  tracts  in  the  interior  covered  with  water. 
Cold  winds  blow  from  the  Pole,  but  become  hotter  as  they 
near  equatorial  land.  Winds  blowing  over  the  lofty  snow- 
covered  Alps  are  always  cold,  and  those  coming  across  the 
sandy  plains  of  Africa  are  always  hot ;  but  as  they  advance, 
they  also  become  modified,  and  if  they  meet,  they  cannot  fail 
to  influence  each  other.  On  the  other  hand,  winds  blowing 
from  the  warm  waters  that  cross  the  Atlantic  from  the  Gulf 
of  Mexico  are  first  wet  and  hot,  and  only  become  cold  and  dry 
when  they  have  crossed  mountains  and  discharged  in  the  shape- 
of  rain  their  excess  of  moisture.  These  inferences  are  so  evi- 
dent that  they  only  require  to  be  pointed  out. 

And  it  is  evident  that  these  simple  principles,  applied  to- 
other less-known  lands  than  Europe,  must  be  equally  true, 
and  must  lead  to  just  conclusions.  When,  on  the  east  coast 
of  Australia,  north  of  Sydney,  the  west  winds  blow  like  a 
scirocco,  with  a  temperature  and  force  like  that  of  the  blast 
from  the  mouth  of  a  vast  furnace,  what  is  this  but  an  indica- 
tion of  the  dryness  and  heat  of  the  interior  of  that  continent?' 
That  they  only  exhibit  this  peculiarity  at  certain  seasons  is 
equal  proof  that,  at  other  times,  the  interior  is  neither  so  hot 
nor  so  dry. 

Wherever,  then,  prevalent  winds  are  characterised  by 
certain  peculiarities  of  condition,  whether  they  be  wet  or  dry, 
hot  or  cold,  it  is  certain  that  they  have  been  subjected  to  in- 
fluences which  are  usually  not  diflBcuIt  to  comprehend. 
Climate  is  so  afiiected  by  them  that  the  direction  of  a  moun- 
tain chain,  scarcely  visible  in  the  horizon,  the  position  of  a 
large  tract  of  distant  lowland,  the  presence  at  special  seasons 
of  icebergs  floating  in  a  sea  a  thousand  miles  away,  or  the  fact 
of  a  current  of  water  crossing,  by  a  marine  current,  some  great 
ocean  that  washes  the  shores, — these  are  the  simple  elements, 
from  which  the  general  climate  of  a  country  may  be  deduced ; 
while  the  level  of  the  land,  the  course  of  a  river,  the  range  of 
a  few  low  hills,  will  any  of  them  be  sufficient  to  produce  a 
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local  modification  sufficient  to  alter  the  details  of  climate,  and 
greatFy  affect  health  and  vegetation. 

And  if,  in  the  course  of  ages,  a  change  should  take  place  in 
any  of  these  elements,  by  the  alterations  that  are  constantly 
being  produced  by  great  natural  forces  always  at  work  on  the 
earth,  it  is  clear  that  the  climate  must  undergo  a  correspond- 
ing modification.  If,  for  example,  by  a  convulsive  movement, 
or  by  a  series  of  small  alterations  of  level,  the  Gulf  stream 
should  make  its  way  through  the  Valley  of  the  Mississippi  to 
the  great  lakes  of  North  America, — thus  diverting  a  current 
of  warm  water  that  now  crosses  the  Atlantic,  and  removing 
its  great  influence  from  European  to  American  lands, — the 
result  would  be  to  diminish  very  considerably  the  average 
annual  temperature  of  all  parts  of  Europe,  but  chiefly  to 
render  the  British  Islands  exceedingly  less  warm,  and  some- 
what less  vvet,  than  they  are  at  present.  If,  at  the  same 
time,'  the  lands  of  northern  Europe,  and  the  bottom  of  the 
Polar  Sea  adjacent  to  them,  were  elevated,  the  ice  that  now 
stops  short  of  Norway  might  reach  permanently  as  low  as 
Scotland,  and  parts  of  Europe  might  be  in  the  condition  of 
Greenland  and  Labrador.  An  alteration  so  considerable 
might,  and  certainly  would,  occur  were  the  comparatively 
fimall,  but  very  possible,  changes  we  have  indicated  carried 
out ;  and  the  greater  part  of  the  plants  and  animals  that  now 
flourish  must  either  find  fitter  place  in  warmer  lands'  to  which 
they  could  migrate,  or  be  destroyed  from  the  face  of  the  earth. 
The  latter  result  would  seem  inevitable  if  they  were  unable  to 
adapt  themselves  to  the  new  climate,  and  were  prevented  by 
natural  obstacles  from  migrating  to  better  positions. 

On  the  otl'.er  hand,  if  the  Gulf  stream,  continuing  to 
bring  warm  water,  not  only  crossed  the  Atlantic,  but  was 
enabled,  owing  to  a  depression  of  the  plains  of  Europe  and 
northern  Asia  beneath  the  water-level,  to  pass  across  to  the 
Pacific,  or  connect  itself  with  the  Mediterranean, — thus  iso- 
lating Europe, — the  temperature  of  the  smaller  lands  thus 
left  behind  would  be  considerably  higher  and  much  more 
■equable,  and  the  climate  very  much  moister ;  rain  would  be 
heavier  and  more  frequent ;  cloud  much  more  continuous ; 
fog  and  mist  incessant ;  and  wind,  perhaps,  much  less  trouble- 
some. In  such  a  climate,  as  in  Norfolk  Island  in  the  southern 
hemisphere,  there  would  be  little  of  the  vegetation  that  we  are 
DOW  familiar  with,  but  a  rank  and  luxuriant  growth  of  fems 
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and  grasses  would  overrun  everything.  Even  palms  and  treo- 
ferns  might  well  flourish,  and  all  marsh  plants  would  multiply 
with  extreme  rapidity. 

And  all  this  marvellous  alteration  would  be  consistent  with 
a  very  small  increase  of  annual  temperature.  The  winter 
would  be  very  much  warmer,  and  the  summer  a  little  cooler ; 
the  days  would  rarely  be  hot,  and  the  nights  never  cold. 
Man  might  and  would  remain  under  such  circumstances,  as 
he  can  adapt  himself  to  any  climate ;  but  most  of  the  other 
animal  inhabitants  would  be  seriously  affected,  and  many 
quite  destroyed. 

If  the  change  were  very  gradual,  some  of  these  might,  how- 
ever, adapt  themselves,  and  many  would  be  replaced  by  other 
tribes  brought  in  from  a  distance,  so  that  no  great  revolution 
need  take  place  to  bring  about  a  marked  revision  of  the  animal' 
and  vegetable  inhabitants  of  an  eighth  part  of  the  land  on  the 
globe,  provided  a  moderate  amount  of  alteration  of  level  of  the 
land  were  to  take  place  within  a  period  of  a  few  centuries,  or, 
at  the  most,  in  a  few  thousand  years. 

It  may  seem  that  we  are  assuming  physical  impossibilities 
to  explain  conditions  that  never  did  and  never  will  occur. 
So  little  is  this  the  case  that  changes,  fully  equal  to  those 
alluded  to,  have  certainly  taken  place  since  man  has  been 
introduced  upon  the  eeirth.  Very  much  greater,  but  perfectly 
conceivable,  changes  are  suggested  to  the  geologist  when  he 
begins  to  study  the  mode  in  which  the  earth's  crust  has  been, 
formed,  and  would  explain  the  phenomena  presented  to  him 
by  every  heap  of  gravel,  every  quarry  of  limestone,  and  every 
pit  of  sand. 

Changes  of  climate  and  changes  of  the  earth's  surface  are 
simultaneous,  and  both  have  certainly  been  produced  ever 
since  the  earth  was  subjected  to  those  influences  of  air  and' 
water  that  seem  to  us  essential  to  its  very  existence.  It  is  as 
easy  to  imagine  the  air  always  perfectly  still,  or  the  waters  of 
the  ocean  to  continue  without  a  ripple,  as  it  is  to  suppose 
that  the  relative  level  of  land  and  water  has  always  been  the 
same.  If  the  air  moves,  the  water  is  disturbed ;  if  the  waves 
beat  on  the  shore,  the  coast  line  is  modified  ;  and  if  the  land 
is  altered,  the  climate  is  adapted  to  the  change;  all  these 
movements  being  in  harmony  with  each  other,  and  all  inces- 
sant and  inherent  in  the  very  nature  of  things,  as  presented, 
for  human  observation. 
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Climate  is  interesting,  not  merely  in  itself,  as  affectiag  our 
feelings  and  health,  but  in  its  relations  to  the  wide  and  large 
fioiences  of  physical  geography  and  geology.  It  is  not  a  ques- 
tion of  latitude  and  longitude,  for  the  south  is  not  necessarily 
warm  and  the  north  cold ;  east  wind  does  not  always  bring 
rheumatism;  the  south  wind  need  not  be  hot,  nor  is  the 
■south-west  always  accompanied  by  rain.  The  climate  also 
that  now  characterises  any  given  place  need  not  always  have 
prevailed  there.  At  another  time  it  may  have  been  much 
■colder  or  much  hotter  in  that  place,  without  any  alteration  in 
the  position  of  the  esurth's  axis,  without  a  different  quantity  of 
heat  having  radiated  from  the  sun,  and  without  assuming  that 
lieat  was  formerly  communicated  from  the  interior  of  the  earth 
to  the  surface.  These  theoretical  assumptions  may  have  their 
interest,  and  may  or  may  not  be  based  on  sound  evidence; 
but  the  mere  fact  that  the  climate  in  the  northern  hemis- 
phere was  once  warmer  or  colder  than  it  is  now,  is  not  of 
itself  evidence  that  ought  to  be  adduced  in  proof  of  thera.  A 
■study  of  climate,  and  the  causes  of  climate,  will  remove  many 
apparent  difficulties  that  are  presented  to  the  young  geologist, 
and  mil  give  a  rational  idea  of  certain  conditions  that  every 
one  ought  clearly  to  understand. 

But  climate  may  and  does  change  by  the  influence  of 
man  and  cultivation.  By  the  drainage  of  land  and  the  re- 
moval of  forests,  as  we  shall  see  in  a  future  chapter,  the  con- 
ditions of  a  country  are  so  far  altered  with  respect  to  its  rain- 
fall, and  the  moisture  of  the  air,  that  the  temperat-ure  becomes 
permanently  affected.  It  is  estimated  that  in  this  way  the 
mean  annual  temperature  of  England  is  2"  F.  warmer  than 
it  was  a  centiiry  since ;  that  the  summer  and  winter  tempe- 
rature are  both  less  extreme,  and  that  the  rain-faH  is  gradually 
but  steadily  diminishing. 

Weathkr. 

Weather  is  the  condition  of  the  climate  of  any  particular 
country  or  district.  It  varies  from  day  to  day  in  most  parts 
of  the  temperate  zones,  but  in  the  tropics,  and  in  some 
special,  but  limited  areas,  it  is  constant,  and  may  be  entirely 
depended  on  during  the  whole  dry  season. 

Let  us  endeavour  to  bring  together  in  a  narrow  compaas 
some  of  the  chief  peculiarities  of  weather  and  its  changes, 
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Accounting  for  them,  as  far  as  possible,  by  reasonable  causes. 
We  may  thus,  perhaps,  obtain  an  insight  into  this  somewhat 
obscure  subject. 

A  fine  day  in  a  fine  season  is  an  event  worth  recording,  and 
involves  a  goodly  variety  of  conditions.  On  such  a  day  we 
have  a  bright  sun,  but  the  sun's  heat  is  not  scorching,  nor 
does  its  light  produce  a  painful  glare  ;  the  sky  is  dear,  and 
the  clouds,  if  any,  are  light  and  high,  not  streaky  or  in  heavy, 
cumbrous  masses  during  the  day,  and  towards  evening  they 
clear  away,  leaving  only  a  few  that  are  rosy  and  pink  at  sun- 
fiet.  The  colour  of  the  sky  is  blue,  but  not  too  intense,  and 
not  extending  quite  to  the  horizon.  Distant  objects  are  visi- 
ble, but  not  so  sharply  defined  as  to  appear  unusually  near. 
The  atmosphere  is  really  heavy,  as  shown  by  a  high  state  of 
the  barometer ;  but  to  the  feelings  it  is  light  and  elastic. 
The  air  feels  dry,  but  not  harsh,  containing  water,  but  iu  a 
state  capable  of  absorbing  more  than  it  contains.  The  ten>- 
perature  is  seasonable,  not  far  removed  from  the  average  tem- 
perature due  to  the  time  of  year.  There  is  motion  iu  the  air, 
but  it  is  not  enough  to  be  called  wind.  It  proceeds  from  a 
quarter  generally  favourable  for  fine  weather  in  the  place  of 
observation.  The  electricity  of  the  air  is  in  a  state  of  equili- 
brium. There  is  a  fair  supply  of  ozone,  and  there  is  no  dis- 
turbance of  the  magnetic  forces. 

An  average  number  of  such  days  as  these,  occurring  at  in- 
tervals, separated  by  cloudy  and  rainy  weather  of  no  long 
duration,  and  not  accompanied  by  violent  and  continued  wind, 
electric  or  magnetic  storm,  or  sudden  and  fi:equent  changes  in 
the  temperature  and  pressure  of  the  air,  characterise  a  fine 
season;  and  several  fine  seasons  following  each  other,  produce 
a  cycle  or  period  of  fine  .weather.  A  certain  amount  of  elec- 
tric storm  and  hail  in  summer,  intervals  of  heavy  rain,  wind, 
and  storm  near  the  vernal  and  autumnal  equinoxes,  and  an 
average  of  snow,  frost,  and  magnetic  storm  in  winter,  are  by 
no  means  incompatible  with  fine  seasons.  During  such  seasons 
the  friiits  of  the  earth  ripen,  and  the  ordinary  crops  of  the 
country  are  obtained. 

Bad  weather  and  bad  seasons  are  naturally  the  converse 
and  opposite  of  fine.  They  also  recur  occasionally  in  cycles, 
and  alternate  with  fine  weather  and  fine  seasons.  It  would  be 
amiatural  if  this  were  not  the  case,  for  it  is  the  result,  inevitable 
as  far  as  we  know,  of  the  laws  govemiag  our  earth  and  system. 
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The  general  average  of  the  weather  for  a  country  or  a  dis- 
trict represents,  fairly  enough,  the  climate  of  the  district,  and 
m  this  sense  it  may  be  said  that  hardly  any  two  places  a  few 
miles  apart  have  precisely  the  same  climate.  In  a  generul 
sense,  however,  the  climate  of  England  is  spoken  of  as  one 
thing,  that  of  France  as  another,  and  so  on. 

It  is  quite  conceivable,  and  even  probable,  that  the  climate 
of  a  place' may  in  the  course  of  a  comparatively  short  time  un- 
dergo a  change,  although  it  takes  a  large  number  of  observa- 
tions to  prove  it.  By  removing  the  trees,  draining  the  land, 
and  altering  the  crops,  a  certain  alteration  of  climate  is  neces 
sarily  induced,  inasmuch  as  the  average  temperature  and 
moisture  become  altered,  and  these  are  climatal  essentials. 

But  though  climate  may  change  or  be  changed,  we  may  al- 
most assert  it  as  an  axiom,  in  most  parts  of  the  world,  in  tem- 
perate latitudes,  that  the  weather  rrnist  change.  There  are 
places  where  these  changes  are  exceedingly  small,  but  we  may 
safely  assert,  in  a  general  sense,  that  weather  is  changeable' 
and  climate  uniform. 

■  Climates,"  as  we  have  seen,  are  different  in  different  places ; 
whereas  the  weather,  though  changeable  in  any  one  place,  may 
he  the  same  at  the  same  time  in  many  places.  This  has  been 
ascertained  by  systematic  observations,  commencing  by  pre- 
vious arrangement  at  the  same  instant  at  a  number  of  Stations 
in  different  parts  of  the  world,  and  continued  at  equal  inter- 
vals. Thus  it  was  found  that  on  the  morning  of  the  3rd  of 
February,  1842,  rain  was  falling  at  the  same  time  throughout 
nearly  every  part  of  the  United  States  of  America,  from  the 
Gulf  of  Mexico  in  the  south  to  beyond  Lake  Superior  in  the 
north,  and  from  beyond  the  Mississippi  in  the  west  to  far  out 
in  the  Atlantic  in  the  east.  Over  an  area  of  at  least  a  million 
of  square  miles  there  was  for  hours  identical  weather ;  and 
there  have  been  other  instances  recorded  where  the  whole  land 
of  Northern  Europe  has  been  under  the  influence  of  rain- 
douds  at  the  same  instant,  and  for  some  time. 

The  weather  is  often  e.^ctremely  different  on  the  two  sides  of 
a  mountain-chain,  across  a  narrow  channel  occupied  by  water, 
or  even  in  two  localities  on  land  a  few  miles  distant  from  each 
other.  It  follows  that  while  there  are  causes  which  influence 
weather  of  exceedingly  wide  operation,  there  are  otliers  alto- 
gether local,  and  one  can  readily  believe  that  the  indications 
also  vnll  be  somewhat  different.    The  prognostications  and 
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eauees  of  ehange  of  weather  must  evidently  be  studied  with 
refe-enee  to  this  important  difference. 

There  is,  however,  a  third  condition  of  weather,  when  it  is 
neither  uniform  over  a  wide  tract  nor  variable  within  narrow 
limits,  but  when,  as  is  the  case  of  certain  storms,  it  travels 
over  land  and  sea,  at  a  neaorly  even  pace,  occupying  and  affect- 
ing a  narrow  belt,  but  within  that  belt  producing  effects  in- 
dicating the  exercise  of  enormous  meehanical  force.  During 
the  great  circular  storms,  or  mjelones,  alluded  to  in  a  former 
chapter,  the  weather  travels  along  in  this  manner,  as  a  de- 
solating hurricane  surrounding  a  comparative  lull.  While 
the  wind  of  the  hurricane  is  blowing  at  the  rate  of  sixty  or 
eighty  miles  an  hour,  the  whole  storm  moves  on,  generally 
from  the  south-west  towa,rds  the  north-east,  at  a  rate  not  ex- 
ceeding twenty  miles  an  hour.  The  signs  and  causes  of  this 
travelling  weather  are  somewhat  different  from  those  of  tha 
other  two  kinds. 

The  weather  is  essentially  tl(e  state  of  the  air  at  the  place 
and  time  of  observation,  knd  change  of  weather  involves  the 
action  of  some  external  causes  altering  the  condition  of  the 
atmosphere.  But,  as  the  reader  vfill  have  seen  by  our  account 
of  a  fine  day,  this  involyes  a  good  deal.  The  actual  weight  of 
the  air  above  our  heads,  "the  pressure  of  the  air,"  is  con- 
stantly varying  from  a  multitude  of  influences.  The  tempe- 
rature of  the  air  also  changes  every  hour  of  the  day.  The 
moisture  in  the  air  varies  with  the  temperature.  The  electrical 
state  varies  from  many  causes,  and  affects  the  others  to  a  marked 
extent.  The  direction  of  the  wind  frequently  changes,  bring- 
ing new  currents  of  air  with  altered  temperature,  and  in  a  dif- 
ferent electrical  state.  Each  of  these  causes  and  results  of 
change  requires  a, special  instrument  to  measure  its  amount, 
and  each  observation  has  to  be  regarded  in  its  bearing  on  aU 
the  others. 

There  is  thus  a  great  complication  of  phenomena,  and  no 
one  instrument  alone  is  sufficient  to  record  the  elements  of 
weather.  "We  wiU  consider  presently  the  use  and  relative 
value  of  the  various  contrivances  that  have  been  invented,  aut 
are  commonly  used  ;  but,  before  doing  so,  let  us  see  how  tax 
we  may  become  weather  prophets  without  any  instruments  a* 
all.  . 

We  may  either  trust  to  our  own  observations  of  the  externa^ 
world,  or,  which  is  better,  combine  these  with  notices  of  the 
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habits  and  instincts  of  animals.  In  this  \ray  tiny  on«  can,  oj 
oare  and  attention,  come  to  possess  an  almost  instinctiTe  nar- 
ception  of  weather  changes. 

The  state  of  the  air  is  one  of  the  first  things  that  mar  bo 
studied  with  advantage  in  reference  to  the  weather.  Those 
who  live  in  the  open  country  or  in  the  neighbourhood  of  the 
sea  can  readily  observe  this  by  the  appearance  of  objects  near 
the  horizon.  In  a  large  city  it  is  more  difficult,  but  even 
there  some  of  the  indications  are  obtained. 

There  is  hardly  a  more  certain  prognostication  of  coming 
change  than  a  peculiar  sharpness  and  clearness  in  the  outlines 
of  distant  objects,  enabling  us  to  see  more  of  them  and  to  see 
them  more  plainly  than  usual.  This  is  often  looked  on  by 
those  who  are  not  weather-wise  as  a  proof  of  fine  weather  in- 
stead of  change.  There  are  times  when  the  state  of  the  air  is 
such  as  to  bring  up  above  the  line  of  the  horizon  the  form  of 
objects  actually  below  it,  thus  producing  mirage.  Mirage,  in 
hot,  dry  climates,  is  not  necessarily  followed  by  change;  but 
in  all  parts  of  northern  Europe,  and'generally  in  all  temperate 
climates  where  rain  falls  irregularly,  unusual  clearness  and 
irregular  refraction  are  followed  by  bad  weather  within  twenty- 
four  hours,  or,  if  continued  for  some  days,  severe  storm  is 
almostinevitably  at  hand. 

The  quantity,  mode  of  arrangement,  and  form  of  clouds,  aw 
all  matters  greatly  to  be  looked  at  if  we  would  foretell  the 
weather  a  little  in  advance.  Very  light,  lofty  clouds,  ranging 
in  lines,  but  detached  from  each  other,  and  often  crossing  each 
other's  directions,  are  frequently  the  first  signs  of  change  and 
coming  wind  after  continued  fine  weather.  These  drrus  clouds 
are  called  by  sailors  cats'  tails,  and  the  sky  covered  with  such 
clouds  a  "  mackerel  sky." 

To  these  clouds,  generally  many  thousand  feet  above  the 
earth,  belong  the  halos  occasionally  seen  surrounding  the  son 
and  moon ;  and  the  appearance  of  such  meteors  is  considered 
unfavourable. 

In  summer  they  announce  rain,  in  winter,  thaw. 

By  degrees  the  light  clouds  descend  aud  become  more  pro- 
minent. They  pass  either  into  heaped  masses  of  cvmtdi/ 
cloud,  Uke  carded  cotton,  or  into  dense  horizontal  slratM 
clouds,  forming  at  sunset  and  disappearing  at  sunrise.  Both 
kinds  pass  into  grey,  formless,  leaden  clouds,  which  graduallj 
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«OTer  the  whole  face  of  the  heavens,  and  at  last  empty  them- 
■eelves  on  the  earth  in  rain. 

A  veiy  sudden  alteration  of  form,  or  shifting  of  the  place  of 
clouds,  or  a  sudden  obscuration  of  the  sky  without  clouds  in 
motion,  is  an  indication  of  a  state  of  the  air  generally  belong- 
ing to  changeable  weather.  When  the  round,  heaped  clouds 
appear  early  in  the  morning,  they  often  gradually  disappear 
as  the  day  advances,  and  after  noon  the  sky  is  clear ;  but 
•when  they  come  on  after  noon,  and  increase  towards  evening, 
obscuring  the  sunset,  they  generally  terminate  in  rain.  Any 
violent  and  rapid  motion  amongst  the  clouds,  one  group  cross- 
ing another,  owing  to  various  currents  of  air  at  different  alti- 
•  tudes,  indicates  the  approach  of  changeable  weather. 

It  has  been  determined  by  careful  observations  made  during 
balloon  ascents,  and  confirmed  by  what  is  noticed  on  high 
mountains,  that  at  a  height  of  a  few  thousand  feet  above  the 
earth  there  is  a  stratum  of  air  in  which  cloud  is  often  present 
above  and  below  which  the  air  is  in  a  very  different  state. 
'  This  stratum  forms  a  kind  of  dividing  plane,  and  the  more  im- 
mediate changes  of  weather  no  doubt  commence  there,  while 
the  more  distant  alterations  require  a  longer  time  to  perfect. 

A  fine  sunset  is  a  valuable  indication  of  the  weather  of  the 
succeeding  day.  It  requires,  however,  some  experience  to  ap- 
preciate the  exact  state  of  the  clouds  in  this  respect,  and  the 
probability  of  interference  by  changes  of  wind  or  temperature. 
'Among  signs  of  fine  weather  an  early  and  heavy  dew  has  often 
been  noticed.  It  has  also  been  observed  that  hail  in  summer 
is  generally  preceded  by  great  heat,  and  followed  by  cool 
weather. 

The  state  of  the  air  in  which'  smoke  rises  vertically  and  to  a 
considerable  height,  is  known  to  be  frequently  followed  by  fair 
weather,  whilst  the  opposite  state,  in  which  the  smoke  is 
beaten  down  and  refuses  to  rise,  is  unfavourable. 

The  direction  of  the  wind,  and  the  direction  of  the  change 
when  the  wind  veers  round,  are  among  the  most  valuable 
indications  of  weather  open  to  the  general  observer.  The 
quarter  from  which  wind  comes  may  be  discovered  by  observing 
a'  streamer  or  weathercock,  which  is  not  affected  by  trees  or 
buildings.  With  us  in  the  British  Islands,  northerly  winds, 
whether  from  the  east  or  west  of  north,  are  generally  cold,  and 
southerly  winds  warm.     North  easterly  winds,  in  winter  and 
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spidng,  are  cold  and  dry,  but  iu  summer  ut'teu  hot.  North* 
■westerly  winds,  in  ordinary  seasons,  are  fresh  and  pleaaant  ii» 
summer,  but  cold  and  wet  near  the  equinox.  South-westerly 
winds  are  generally  warm  and  often  wet. 

Our  chief  gales  proceed  from  the  SW.  or  NW.,  but  some- 
tha.t  are  also  severe  come  from  the  NE.  South-easterly  winds 
at«  rare,  but  in  summer  generally  warm. 

Winds,  proceeding  from  any  easterly  point,  proceed  over  a 
lai^e  expanse  of  land,  and  those  from  the  west,  over  water. 
The  former  are  dry,  and  the  latter  charged  with  moisture  ; 
hut  it  sometimes  happens  that  a  wind,  after  proceeding  for  a. 
long  time  across  land  or  water,  is,  for  some  reason,  fiirown 
back  again  in  a  contraiy  direction  along  the  earth's  surface. 
In  this  case  the  apparently  dry  west  wind  is  really  part  of  a 
wind  that  has  come,  from  the  east,  and  the  apparently  damp 
easterly  wind  really  came  from  the  ocean. 

But  although  the  direction  of  the  wind  affords  valuable  in- 
formation, as  indicating  generally  the  conditions  to  which  that 
part  of  the  air  has  been  exposed  for  some  time,  the  mode  in 
which  it  changes  its  direction  would  seem  to  be  far  more  im- 
portant as  a  piognostication  of  weather.  An  account  of  this,. 
however,  belongs  rather  to  the  consideration  of  instrumental 
indications,  as  it  involves  a  series  of  observations. 

A  large  amount  of  weather  news  is  obtained  by  watching  the 
habits  of  animals  and  the  conditions  of  vegetation.  The  for- 
mer, especially,  afford  the.readiest,  and  even  the  surest,  proofs 
of  coming  change  that  are  open  to  our  observation.  The  flight 
of  birds  and  insects,  the  departure  of  fishes  from  their  usual 
haimts,  the  movements  of  cows  and  sheep  in  the  fields,  or  of 
domestic  animals  in  the  house,  are  among  the  phenomena  that 
will  occur  to  every  one ;  but  they  can  only  be  made  use  of  by 
those  who  are  thoroughly  familiar  with,  and  minutely  observe,  na- 
ture. Many  of  us,  indeed,  have  our  own  instincts  in  this  respect; 
and  there  are  cases  within  the  sphere  of  general  knowledga 
where  human  beings,  our  friends  or  ouraelves,  feel  without  see- 
ing those  changes  of  wind  that  precede  or  accompany  changes 
of  weather.  Amongst  human  weather-indicators  are  the  mar- 
tyrs to  rheumatism  and  neuralgia;  those  who  have  felt  th© 
racking  pain  from  old  and  imperfectly-healed  wounds ;  those 
from  whom  proceeds  the  dry,  consumptive  cough ;  or  those  who 
suffer  from  the  bronchial  irritation  that  no  art&cial  atmosphei» 
can  aoothe. 
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All  these  conditions  of  the  air  are  the  result  of  causes  which, 
df  clearly  understood  in  their  relative  importance  and  mode  of 
iiction,  would  be  reducible  to  direct  observation  and  calcula- 
tion. They  may  be  described  in  a  few  words  as  being  depend- 
ent on  the  pressure  of  the  air,  the  temperature  of  the  air — ^not 
only  at  the  surface,  but  at  various  heights — the  dew-point  or 
state  of  moisture  of  the  air,  the  rain-fell,  the  clear  or  cloudy 
state  of  the  upper  air,  the  direction  and  force  of  the  wind,  the 
electrical  state  of  the  air,  the  presence  or  absence  of  ozone, 
and  the  magnetic  condition  of  the  earth  and  atmosphere.  In- 
struments are  in  use  by  means  of  which  all  these  matters  can 
■be  determined.  These  instruments,  to  be  of  any  value,  must 
not  only  themselves  be  good  and  accurate,  but  they  must  be 
<!ompared  with  some  fixed  standards.  They  must  also  be  used 
systematically — either  always  and  everywhere  at  the  same, 
hours  of  the  day,  or  so  frequently  that  the  observation  of  tlie 
agreed  times  can  be  deduced  by  calculation. 

The  first  and  most  important  instrument  of  observation  is 
the  Barometer.  It  is  a  simple  contrivance,  consisting  of  a 
(Jel'nmn  of  mercury  placed  in  a  long  empty  tube,  open  at  one 
end  and  closed  at  the  other.  When  inverted  in  a  smaU  cistern 
<jf  mercury,  the  fluid  metal  descends  from  the  top  or  closed 
end  of  the  tube,  leaving  an  absolute  vacuum  behind  it,  and  it 
continues  to  descend  until  the  weight  of  the  mercury  in  the 
Col-umn  exactly  balances  the  whole  weight  of  a  column  of  air 
of  the  same  size  to  the  very  top  of  our  atmosphere.  It  is  a 
mode  of  weighing  this  colunm  of  air,  and  it  does  so  with  per- 
fect accuracy. 

When  properly  made  and  compared  with  a  standard,  and 
not  disturbed,  it  is  almost  impossible  that  a  barometer  of  the 
usual  kind  should  get  out  of  order,  or  fail  in  recording  cor- 
rectly the  facts  we  ought  to  expect  from  it.  The  admission  of 
air  into  the  tube  is  the  chief  source  of  derangement. 

The  barometier  tells  us  one  thing  only — namely,  the  pressure 
of  the  air  at  the  moment  of  observation.  This  may  seem  to 
be  a  small  matter ;  but  in  temperate  climates,  an  alteration  in 
the  pressure  of  the  air  is,  in  fact,  the  most  accurate  indication 
of  every  important  change  that  takes  place  in  the  atmosphere. 
In  climates  where  the  weather  is  little  variable,  the  mercui-y 
in  the  barometer  rises  and  falls  in  exact  accordance  with  the 
sun's  position  above  the  horizon,  so  that,  in  the  tropics,  it 
might  serve  as  a  time-piece.     In  temperate  cUmates,  these 
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minute  though  regular  changes  are  masked  by  otheiB,  mon 
considerable  and  less  regular. 

To  be  of  any  value  as  a  weather-gauge,  the  barometer  re- 
quires frequent  and  regular  observation,  and  a  comparison  with 
observations  concerning  the  temperature  and  the  direction  and 
force  of  the  wind.  In  the  normal  state,  or  at  the  commence- 
ment of  a  series  of  observations,  it  saould  be  compared  with 
the  determined  mean  height  for  the  day  and  place  of  observa- 
tion during  a  long  period. 

Assuming  that  we  commence  right,  then  if  the  mercury  fall» 
slightly  but  steadily  for  many  hours,  without  other  indication 
of  change,  bad  weather  will  follow ;  and  the  longer  it  is  de- 
layed the  worse  it  will  be.  If  the  fall  is  sudden  and  consider- 
able, with  a  south-west  wind,  and  the  mercury  rises  again, 
squalls  and  gales  of  wind  may  be  looked  for  from  the  south- 
vf est,  but  they  may  soon  be  succeeded  by  fine  weather.  It 
while  the  mercury  falls,  the  vrind  veers  round  from  the  south- 
•west  to  south  and  south-east,  severe  storms  vfill  probably  follow. 
If  the  fall  is  very  inconsiderable,  but  the  thermometer  drops, 
and  the  wind  changes  from  east  to  north,  severe  storms  from 
the  north-west  wOl  probably  follow.  In  all  these  cases,  by 
constantly  watching  the  barometer,  and  comparing  its  move- 
ments with  those  of  the  thermometer  and  the  wind,  the  nature, 
of  the  coming  -bad  weather  can  generally  be  determined.  In 
Horth-easterly  weather  the  barometer  is  usually  high  and  the 
thermometer  low,  so  that  storms  from  this  quarter  are  less 
clearly  indicated  than  from  others.  The  same  is  sometimes 
the  case  vfith  north-westerly  weather.  In  southerly  weather, 
on  the  contrary,  the  barometer  is  very  sensitive,  and  falls  con- 
sidrrably. 

The  Thermometer  is  of  great  value  as  a  weather-indicator; 
but  for  this  purpose  the  average  temperature  for  the  day  at 
the  place  of  observation  must  be  known.  A  temperature  con- 
tinued for  some  time  below  or  above  the  average,  is  an  almost 
ceitain  indication  of  change.  In  summer,  electric  storms  fol- 
low unusual  warmth  ;  and  in  winter,  gales  of  wind  from  NNW. 
or  XE.,  are  not  unlikely  to  succeed  a  low  thermometer  and 
almost  steady  barometer. 

The  direction  of  the  wind,  and  the  agreement  or  disagree- 
ment of  this  direction  with  the  average  of  many  years  at  the 
same  period  or  season,  is  an  important  observation.  When 
the  wind,  in  shifting,  goes  round  in  the  direction  of  the  hands 
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of  a'  clook,  from  north  by  east  to  south,  or  from  south  by'  west 
to  north,  the  change  may  be  looked  on  as  not  Unfavourable ; 
but  when  the  wind  "  backs  "  and  veers  from  north  by  way  of 
west  to  south,  and  from  south  by  way  of  the  east  towards 
north,  bad  weather  may  be  expected  to  follow.  Occasionally 
it  happens  that  north-west  winds  are  greatly  in  excess,  and  the 
result  of  this  is  likely  to  be  unusual  rain.  Settled  nortli'- 
west  wind  brings  cold  and  fine  weather ;  but  continued  west 
and  south-west  winds  are  usually  followed  by  rain.  It  has 
been  observed,  that  a  prevalence  of  westerly  weather  near 
the  time  of  the  equinox  precedes  a  wet  summer  or  winter. 

The  coruscations  of  the  aurora,  indicating  magnetic  storm* 
in  actual  progress,  are  often  followed  in  our  latitudes  by  bad 
vreather,  especially  when  they  occur  in  summer  and  autumn ; 
but  the  precise  relations  of  magnetic  disturbance  with  weather'- 
changes  are  not  yet  fully  understood.  Indications  of  thos* 
great  storms,  or  hurricanes,  which  occasionally  sweep  over 
limited  areas  with  irresistible  force,  are  tolerably  certain,  and 
correspond  so  well  with  others  that  hsive  been  previously  and 
since  observed,  that  they  may  take  rank  amongst  settled  facts 

Peculiarities  of  weather,  however  great  and  strongly  marked, 
must  not,  even  when  they  extend  over  many  years,  be  assumed 
to  indicate  permanent  changes  of  climate.  If  we  look  back  at 
former  records  of  weather,  we  find  that  at  all  times  years  of 
favourable  seasons  have  succeeded  each  other,  until  people  be- 
gin to  forget  that  the  contrary  may  happen ;  and  when  the 
unfavourable  time  comes,  we  are  by  no  means  prepared  to 
recognise  it  as  a  part  of  a  well-marked  series  of  events.  There 
is  no  doubt  that  Pharaohs  dream  of  the  fat  and  lean  kine  is  a 
prophecy  that  will  last  for  all  time,  and  although  we  may  not 
be  able  to  foretell  the  exact  year  of  change,  the  general  fact  of 
periodicity  of  weather  is  clearly  established.  The  time  may 
come  when,  by  a  sufiBcient  experience  arising  from  long- 
recorded  accurate  observations,  the  evil  day  may  be  more 
nearly  anticipated,  and  some  of  its  most  serious  consequences 
evaded. 

But  such  and  so  accurate  a  knowledge  of  the  laws  that 
govern  the  weather  as  to  enable  us  to  foretell  what  will  happen 
some  time  in  advance,  is  neither  common  nor  easy  of  acquisi- 
tion. A  mere  passing  glance  at  the  barometer,  without 
reference  to  the  state  of  the  wind,  the  temperature,  and  tha 
electrical  state  of  the  air,  a£fords  absolutely  no  intimation  what- 
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ever,  inasmuch  as  tihe  barometer  is  valuable  only  in  comparison 
with  itself  at  a  former  time,  and  with  facts  recorded  bjr  othec 
instruments.  A  prediction  of  the  weather  from  mere  atmos- 
pheric appearances  carefully  observed,  is,  on  the  whole,  much 
more  likely  to  be  correct ;  but  even  this  is  valuable  only  as  tar 
as  it  brings  to  bear  experience,  reflection,  and  the  exercise  ef 
common  sense. 

It  wUl  also  appear  that  to  judge  of  the  weather  a  week  in 
advance,  by  noticing  the  hour  at  which  the  moon  becomes  new 
or  full,  or  by  observing  the  weather  at  such  hour,  can  only  be 
a  very  vague  and  uncertain  method,  subject  to  various  causes 
of  local  interference ;  even  if  any  such  law  of  lunar  influence 
were  based  on  accurate  observation  and  long  experience. 

It  is  not  that  valuable  suggestions  may  not  be  obtained  by 
collecting  rules  based  on  these  suppositions.  All  observationi: 
— and  we  may  even  say  all  modes  of  connecting  observations 
80  as  to  deduce  laws  general  or  local — ^have  a  certain  value,  ac 
they  may  suggest  the  true  explanation,  even  if  they  do  not 
give  it ;  but  we  wish  to  show  how  complicated  the  problem  is^ 
and  how  impossible  it  is  that  there  should  be  any  simple  solor- 
lion.  When  the  weather-beaten  sailor  or  the  old  shepherd 
shakes  his  head  and  prognosticates  a  coming  change  which 
seems  to  less  experienced  observers  altogether  unjustified  by 
any  appearances,  but  which  turns  out  correct,  he  gives  the  re- 
sult of  a  life-long  observation  of  small  signs,  of  the  nature  of 
many  of  which  he  is  hardly  aware  himself,  and  which,  in  fact, 
combine  all  that  a  dozen  instruments  and  as  many  careful 
meteorologists  could  discover.  Exactly  in  proportion  to  the 
experience  and  habit  of  close  observation  of  natural  appearances 
is  the  value  of  such  an  opinion ;  and  this  is  aU.  that  can  be 
said  for  the  meteorologist  also  ;  for  he  compares  the  experience 
of  a  large  number  of  persons,  and  combines  their  results,  be- 
fore he  is  justified  in  expressing  an  opinion  :  and  his  concla- 
sions  must  fail  should  he  neglect  some  correction,  which,  how- 
ever small,  may  largely  influence  the  result. 

The  study  of  the  weather  leads  to  the  consideration  of  some 
of  the  highest  problems  and  most  remarkable  speculations  of 
physical  astronomy,  and  connects  itself  directly  with  investi- 
gations concerning  light,  heat,  and  the  various  forms  of  elec- 
trical acrion.  Like  all  honest  inquiries  into  natural  pheno- 
mena, it  commences  with  observation  and  experiment  of  a 
simple  and  homely  kind.     It  requires  that  a  large  number  of 
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facts  should  be  recorded  ;  it  carries  its  inquiries  through  many 
departments  of  knowledge,  apparently  little  related  to  each 
other ;  and  it  lands  the  inquirer  at  last  on  a  far  higher  level 
than  he  originally  anticipated.  He  who  sets  himself  to  record 
weather  and  draw  deductions  from  his  observations,  is  no  trifler, 
and  bis  labour  is  not  light.  He  must  not  only  daily,  at  the 
same  hour,  record  the  result  of  his  observations ;  he  must 
make  the  necessary  corrections,  and  bring  his  work  into  such 
a  state  as  to  compare  it  with  what  others  have  done  elsewhere : 
he  must  himself  make  the  comparison  of  his  own  with  other 
■observations,  and  with  his  own  observations  of  former  years  : 
he  must  watch  the  course  of  vegetation  and  the  habit  of  ani- 
mals, and  must  notice  carefully  all  the  particulars  oi  every 
meteoric  appearance  ;  he  must,  if  living  on  an  island,  estimate 
iihe  influence  of  winds  and  ocean  currents,  not  only  on  his  ovrii 
shores,  but  a  thousand  miles  away  from  his  place  of  observa- 
tion ;  he  must  estimate  the  influence  of  the  mountains,  plains, 
and  valleys  of  the  adjacent  continent ;  he  must  inquire  com- 
ceruing  the  snow  and  frost  on  the  remote  an.l  scarcely  inhabited 
shores  of  the  polar  lands,  and  the  ice  set  free  from  those  lands, 
and  floating  on  the  broad  ocean  ;  he  must  ever  be  ready  to  ac- 
cept and  act  upon  the  slig'ite-it  hint  thrown  out  by  nature  or 
by  his  fellow  observer ;  he  must  hold  his  knowledge  firmly, 
and  his  opinions,  prejudices,  and  mere  impressions,  very 
loosely; — ^in  a  word,  he  must  be  patient  and  persevering, 
always  ready  to  receive  and  record  facts,  and  always  cautious 
in  deducing  or  admitting  theories. 

It  is  impossible  to  consider,  even  in  a  very  slight  degree, 
these  phenomena  of  weather  in  their  direct  relation  on  the  one 
hand  to  the  sun  and  moon,  and  periodic  changes  in  the  con- 
stitution of  these  distant  bodies,  and  on  the  other  hand  to  our- 
selves, as  representing  the  highest  form  of  organisation  with 
which  we  are  acquainted,  without  being  struck  with  the 
mutual  dependence  that  exists  between  the  material  and  im- 
material parts  of  the  great  system  of  creation.  Distance  and 
time  seem  annihilated  when  we  watch  the  action  of  these 
•mighty  and  mysterious  influences,  and  we  may  almost  recog- 
nise the  reality' of  an  existence  unhampered  by  material  im- 
pediments, when  we  find  an  instantaneous  response  of  our 
innermost  senses  and  sensations  to  a  material  stimidus  applied 
vithin  the  burning  atmosphere  of  the  sun.  Who  is  there  who 
faas  not  felt  the  influence  of  climate  and  weather  clearing  up 
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or  obscuring  his  intellectual  faculties  ?  We  attribute  this, 
perhaps  correctly,  to  an  indirect  action  through  the  state  of 
our  health ;  but  who  can  say  how  much  of  it  may  not  be  due 
to  some  direct  action  hitherto  unknown,  proceeding  from  the 
great  source  of  motion  and  force  in  our  system  ?  It  would  not 
be  wise  to  carry  speculation  far  in  such  a  matter ;  but,  perhaps, 
Mome  of  those  peculiarities  of  constitution  that  have  distressed 
many  persons  of  high  nervous  organisation,  really  owe  their 
origin  to  a  more  ready  sensibility  to  natural  forces. 

The  tendency  of  all  observation  on  climate  is  to  show  that 
it  is  subject  to  a  number  of  periodic  changes ;  and  we  are 
fuUy  justified  in  believing,  not  only  that  the  periods  are  many, 
but  that  we  are  by  no  means  acquainted  vrith  all.  .  There  are 
few  exceptions  to  the  periodicity  of  events  connected  with  our 
system ;  and  while  a  few  years  reproduce  some  phenomena, 
others  do  not  recur  for  centuries,  or  even  thousands  of  years. 

On  the  other  hand,  it  is  equally  certain  that  no  absolute 
uniformity  of  weather  ever  did  or  can  exist  in  a  temperate 
climate.  The  climate  remains,  but  the  weather  changes. 
This  is  in  accordance  with  the  great  system  of  nature,  which 
involves  throughout  the  most  perfect  order  and  method,  but  in 
which  we  may  recognise  the  elaboration  of  order  out  of  an  un- 
limited amount  of  varied  detail. 

Geologists  infer,  from  various  observations,  that  weather  in 
special  localities,  as  well  as  climate,  must  have  varied  greatly 
during  different  periods  of  the  earth's  history  as  a  planet.  At 
one  time,  when  the  temperature  both  of  sea  and  land  was 
sufficiently  high  close  to  tlie  Arctic  circle  to  admit  of  abundant 
tree  vegetation  and  of  the  existence  of  marine  animals,  now 
strictly  confined  to  warm  latitudes,  it  is  probable  that  the 
changes  of  weather  were  comparatively  small.  On  the  other 
hand,  it  is  certain  that  even  within  the  time  when  man  has 
been  an  inhabitant  of  the  earth,  an  icy  cap,  already  alluded 
to,  has  partly  covered  northern  Europe,  and  an  Arctic  fauna 
hfts  reached  nearly  to  the  Mediterranean,  even  while  the  in- 
habitants of  warm  climates  flourished  in  similar  latitudes. 
This  would  indicate  an  excessive  climate.  Much  more  recently, 
and  since  human  records  have  been  preserved,  the  climate  of 
northern  Europe  has  altered  considerably,  and  the  weather  not 
less  so.  Thus,  weather  and  climate  have  partaken  of  those 
systematic  modifications  which  belong  to  all  nature,  proofs  of 
wliich  meet  us  at  every  turn  in  the  physical  history  of  our  globe. 
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CHAPTER  XVI. 

VOLCANOES  AND  VOLCANIC  PHENOMBNA. 

In  eeirtaia  parts  of  the  earth,  amongst  the  great  mountain 
chains,  or  within  a  moderate  distance  of  them,  and  generally 
nofe  reiy  &r  from  the  ocean,  there  are  conical  hills,  rising 
sometimes  into  lofty  mountain  peaks,  remarkable  not  only 
for  their  regular  fia-m,  but  for  a  cup-Hke  depression  at  their 
summit,  and  still  more  remarkable  as  being  composed  either 
of  loose  scoriea,  or  of  coulees  of  rock  that  has  been  poured  out 
from  the  bowels  of  the  earth  in  a  state  of  igneous  fluidity. 
Such  hills  or  mountains  are  sometimes  grouped  and  some- 
times far  distant  from  one  another.  They  are  of  all  heights, 
some  certainly  existing  much  below  the  level  of  the  sea,  and 
some  at  least  28,000  feet  above  the  sea.  But  their  essential 
features  are  the  same  everywhere.  They  offer  a  singular  con- 
trast to  aU  other  hiUs  or  mountain  masses  in  their  regularity 
of  form,  and  in  the  rocks  of  which  they  are  composed.  They 
are  evidently  due  to  some  action  going  on  in  the  interior  of 
the  earth,  and  the  ashes  and  molten  rock  of  which  they  aro 
formed  sufficiently  mark  their  origin  to  be  igneous.  They 
are  volcanoes.  They  are  not  confined  to  our  earth,  for 
similar  appearances  have  been  recognised  in,  and  are  even 
exceedingly  characteristic  of  the  moon  our  satellite. 

Few  things  in  nature  are  more  strikingly  different  from  th» 
ordinaiy  appearances  presented  at  the  earth's  surface  than  a 
volcanic  district.  Few  things  are  more  alarming  to  the  senses, 
or  more  suggestive  to  the  imagination,  than  even  the  most 
insignificant  example  of  a  volcanic  eruption.  It  is  difficult 
to  avoid  exaggerating  the  importance  of  phenomena  that 
appeal  so  strongly  to  the  senses.  It  is  difficult  to  undeP' 
stand  how  such  convulsions,  when  in  their  extreme  of  in* 
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tensity,  can  avoid  breaking  up  and  destroying  all  the  great 
landmarks  of  creation,  and  obliterating  every  appearance  of 
■simple  mechanical  action.  We  see  that  they  must  have  been 
going  on  during  a  vast  period  of  time,  and  we  feel  bound  to 
attribute  the  accumulation  and  modification  of  all  the  great 
masses  that  make  up  the  greater  part  of  the  earth's  crust  to 
causes  that  are  coimected  with  these  disturbances. 

But  let  us  look  at  the  subject  from  another  point  of  view. 
A  volcano  is  one  of  a  limited  and  even  small  number  of  points 
on  the  surface,  where  there  is  communication  with  the  heated 
interior.  A  crater  is  the  gullet  or  depression  in  a  volcanic 
cone,  by  which  the  heated  matter  from  the  interior  has  come 
to  the  surface,  being  lifted  up  by  some  expansive  force.  The 
teat  in  the  interior  must  have  been  great  enough  to  reduce  or 
melt  into  a  glass  a  large  proportion  of  the  materials  common 
fit  the  surface,  and  chemical  forces  must  have  been  in  active 
operation,  decomposing,  combining,  and  changing  the  ordinary 
materials  of  the  earth's  crust.  Out  of  such  a  crater  thera 
will  issue  steam,  various  gases  at  a  high  temperature,  ashes 
or  fragments  of  all  sizes,  including  broken  films  of  glassy 
scorise  that  have  coated  bubbles  of  gas,  and  burst  into  a 
thousand  atoms  as  they  rise  into  the  air.  Very  large  rocks 
have  been  flung  out  from  them  to  a  distance  of  mUes,  as  if 
from  some  huge  piece  of  ordnance.  At  considerable  intervals 
of  time,  and  sometimes  without  notice,  the  steam,  ashes,  and 
rocks,  thrown  out  from  the  crater  have  been  accompanied  by 
coulees  of  molten  rock  issuing  like  the  slag  from  some  great 
furnace,  and  this  slowly  advancing  over  the  surface  of  the 
earth  or  the  bottom  of  the  sea,  has  spread  itself  out  in  films 
on  the  ground,  or  collected  into  fissures  and  cavities,  afiecting 
thus  the  physical  features  of  the  district  in  which  the  pheno- 
menon has  taken  place.  It  is  not  too  much  to  say  that  phe- 
nomena of  this  kind  are  at  once  terrible  and  influential  in  a 
high  degree.  But  it  is  important  to  remember  that  they 
belong  to  the  ordinary  history  of  the  earth.  They  are  only 
exceptional  in  as  far  as  they  are  confined  to  certain  small 
districts,  and  within  the  districts  they  belong  to  they  exhibit 
a  certain  regularity. 

Nor  is  there  a  large  number  of  such  points  erupting  at  the 
same  time  in  the  same  district.  There  are  many  volcanoes 
that  have  all  the  usual  characteristics  of  burning  mountains, 
but  from  which  no  eruption  has  taken  place  withm  the  history 
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of  the  human  race.  There  are  others  of  which  we  know- 
that  they  have  done  terrible  mischief,  hut  now  they  are 
apparently  exhausted.  Others  have  only  recently  erupted, 
after  an  interval  of  unknown  duration.  Some,  again,  are 
constantly  indicating  a  modified  activity,  while  some  act  at 
intervals,  but  with  intense  energy. 

There  is  no  doubt  that  some  of  the  great  volcanoes  and 
craters  of  the  earth  are  magnificent  and  terrible  objects.  Of 
all  known,  the  crater  of  Kilauea,  in  the  island  of  Hawaii, 
(Owhyhee  of  Captain  Cook)  would  seem  to  be  among  the  most 
remarkable.  This  island  may  be  compared  with  Sicily  in  size, 
but  its  volcanic  phenomena  are  on  a  far  grander  scale.  It  is 
triangular  in  shape,  the  sides  measuring  respectively  100 
miles,  88  miles,  and  76  piiles.  It  would  seem  to  be  entirely 
volcanic.  It  contains  three  lofty  volcanic  summits — Mount 
or  (Mauna)  Loa,  the  best  known,  being  13,760  feet,  and  the 
others  nearly  14,000  feet,  and  about  10,000  feet  respectively. 
As  is  the  case  in  Mount  Etna,  the  land  slopes  so  gently  to  the 
volcanic  cones,  and  these  are  so  large,  that  their  great  alti- 
tude is  not  recognised.  There  are  two  cratere  on  Mauna 
Loa,  both  active.  The  higher  or  summit  crater  measured, 
before  the  last  eruption,  13,000  feet  by  8,000  feet  in  its  larger 
and  smaller  diameters,  and  was  depressed  784  feet  below  the 
western  side.  Kilauea,  the  best  known  of  them,  is  far 
the  largest  crater  on  our  globe.  There  is  no  cone  of  ashes 
surrounding  the  crater  as  in  Etna  and  Vesuvius.  The 
traveller  rises  on  the  gentle  slope  of  the  dome  to  the  edge  of 
the  pit  and  looks  down  a  depth  which,  before  the  last  erup- 
tion was  about  1,000  feet,  to  a  plain  of  bare  rock,  more  than 
2  miles  in  length — the  bottom  of  avast  amphitheatre  TJ  miles 
in  circuit.  Between  the  edge  of  the  crater  and  the  bottom  is 
a  wide  terrace  or  ledge  extending  round  the  whole  of  the 
interior  at  a  depth  (in  a  normal  state  of  tranquillity)  of  about 
650  feet  from  the  top  and  340  feet  from  the  bottom.  The 
average  slope  of  the  dome,  or  central  part  of  the  mountain,  is 
only  6°  30'  (less  than  Etna,  which  is  8°),  and  the  diameter  of 
the  base  of  what  must  be  called  the  cone,  is  more  than 
45  miles.  The  area  of  the  base  of  the  cone  is,  therefore, 
Xiore  than  double  that  of  the  whole  area  covered  by  the 
>kvas  of  Etna.  The  region  of  volcanic  action  is  70  miles  in 
diameter.  Indeed  the  whole  island  must  be  regarded  as 
irithin  the  area. 
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The  great  pit  crater  of  Kilauea  is  16  000  feet  in  length, 
and  has  an  average  breadth  of  7,501  feet.  It  includes  an 
area  of  4  square  miles,  aa  area  sufficient  for  a  city  of  a 
hundred  thousand  inhabitants.  At  one  extremity  there  was 
some  years  ago  a  lake  of  boiling  lava  measuring  1,500  feet  by 
1,000  feet.  This  was  the  throat  or  gullet  communicating 
with  the  interior.  The  rest  of  the  floor  was  covered  with  a 
multitude  of  cones  and  craters,  but  is  constantly  changing, 
At  one  time  the  lava,  which  is  remarkably  fluid,  rising 
rapidly,  fills  up  the  whole  vast  area  of  the  crater  to  the  height 
of  many  hundred  feet  above  the  bottom ;  but  it  rarely  rises 
near  the  top,  as  an  eruption  usually  takes  place  from  some 
lower  point  on  the  side  of  the  mountain,  when  the  pressuro 
has  become  sufficiently  great. 

Great  eruptions  took  place  at  Kilauea  in  1£^3,  1832,  and 
1840.  Between  the  latter  year  and  1855  the  whole  central 
area  of  the  floor  was  elevated  600  f  jct,  the  old  ridge  or  plat- 
form being  reduced  to  a  pit  300  feet  below  the  central  plat- 
form. A  gullet  200  feet  in  diameter  at  that  time  opened  to 
the  molten  rock  below  instead  of  at  the  old  lake.  In  1855  a 
visitor  counted  60  lakes  of  fused  lava  on  this  platform,  and 
observed  a  countless  number  of  cones.  This  was  in  the  early 
part  of  the  year,  and  in  the  October  following  there  was  a 
great  eruption  from  the  summit  crater  of  Mauna  Loa  20  miles 
distant.  This  crater  was  estimated  to  be  12,000  feet  above 
the  sea.  The  lava  did  not  overflow  the  edge,  but  burst  out 
about  10  miles  below.  This  at  least  was  the  case  with  the 
principal  stream,  which  soon  reached  60  miles  in  length, 
with  an  average  breadth  of  3  miles,  and  a  thickness  of  from 
300  to  600  feet. 

One  of  the  points  of  chief  interest  in  the  last  eruption  in 
Hawaii  is  the  fact,  that  there  were  no  accompanying  earth- 
quakes or  other  disturbances,  and  no  eruptions  of  ash.  There 
is  no  record  even  of  steam,  nor  does  it  seem  likely  that  any 
great  amount  of  steam  can  have  issued  without  ejecting  a 
certain  proportion  of  ashes.  The  absence  of  ashes,  and  of 
the  ordinary  phenomena  of  an  eruption,  is  a  remarkable 
fsatm-e  of  the  great  volcanoes  of  the  island. 

A  volcanic  eruption  on  a  large  scale  generally  commences 
with  subterranean  noise,  followed  by  dense  volumes  of  smoke, 
consisting  almost  entirely  of  aqueous  vapour.  "With  the 
BUtoke  and  vapour  are  mixed  up   lapilla  or   ashes,  which 
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have  been  already  described  as  fragments  of  films,  coating 
bubbles  produced  during  the  boiling  up  of  the  lava.  These 
all  together  rise  into  the  air  to  a  great  height  (often  some 
thousand  feet),  spreading  out  when  not  blown  aside  by  the 
wind,  and  putting  on  the  appearance  of  a  vast  palm  tree.  The 
ulaterial  thus  thrown  into  the  air  is  so  abundant  and  so  light 
that  it  reaches  into  the  upper  currents  of  the  atmosphere. 
It  also  continues  to  rise  from  the  crater  for  so  long  a  time  that 
these  currents  have  time  to  sift  it,  as  it  were,  and  distribute 
it  in  uniform  beds,  some  of  one  size  and  some  of  another,' 
over  an  area  amounting  to  thousands  of  square  miles.  At 
Coseguina,  in  Central  America,  an  eruption  commenced  on 
the  morning  of  the  20th  January,  1835.  The  cloud  rose, 
and  the  ashes  were  distributed  continuously  for  forty-eight 
hours.  The  fall  was  so  light  and  so  dispersed  that  not  till  after' 
that  time  weis  the  deposit  thick  over  the  surrounding  country. 
The  air  remained  darkened  by  the  cloud  of  ashes  for  thirty- 
six  hours  after  this.  It  was,  indeed,  so  dark  that  men  could 
not  see  each  other,  and  the  fowls  went  to  roost.  At  the  end 
of  that  time  objects  began  again  to  be  recognisable  at  a  dis- 
tance of  10  or  li  yards.  In  this  state  the  air  continued 
two  days  longer.  Aiterwards,  for  twelve  days,  the  light  was 
still  partially  obscured,  and  during  all  this  time  a  fine  im- 
palpable dust  was  falling.  All  this  happened  at  places  50 
miles  south  of  the  volcano.  The  powder  was  conveyed  in 
the  direction  of  the  under  currents  of  wind  to  a  distance  of 
700  miles,  at  the  rate  of  170  miles  per  day.  That  which' 
reached  the  upper  currents  was  distributed  to  a  distance  of 
1,200  miles,  in  a  direction  contrary  to  that  of  the  lower 
currents  of  vrind.  A  ship  at  a  distance  of  1,100  miles  firom 
the  volcano  sailed  40  miles  through  floating  pumice. 

Accompanying,  or  rather  succeeding  the  light  dust,  pumice 
and  scorise  are  often  ejected,  and  very  large  fragments  of  the 
walls  of  the  crater  are  thrown  into  lie  air  and  fall  at  a  great 
distance.  It  is  on  record  that  a  mass  of  rock  measuring 
300  cubic  feet  (10  tons  weight)  was  once  projected  9  miles 
from  the  crater  of  Cotopaxi,  also  in  the  Andes.  Smaller 
volcanic  bombs  are  thrown  in  large  quantities,  and  fragnients 
of  the  crater  wall,  some  tons  in  weight,  can  always  be  seep 
beyond  the  foot  of  the  cone  of  Vesuvius  for  a  long  time,  after 
an  eruption.  So  large  has  been  the  quantity  of  fine  ash  and 
scoriae  from  Vesuvius  that  Pompeii  and  Herculaneum^  t^O 
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towns  at  the  foot  of  the  great  cone,  and  some  distance  away, 
■were  overwhelmed  during  the  great  eruption  of  a.d.  79,  and 
Temaiued  buried  undel:  them,  lost  to  sight  and  knowledge  for 
nearly  twenty  centuries.  It  is  usually  after  these  preliminary 
eruptions  that  there  pours  forth  from  Assures  in  the  walls  of 
the  volcano,  or  from  the  broken  edge  of  the  crater,  a  flood  of 
molten  rock  or  lava.  This  is  sometimes  in  such  quantity  as 
to  cover  up  large  tracts  of  country.  Within  ten  weeks  at 
least  40,000  millions  of  tons  of  fluid  lava  were  ejected  in 
Iceland  in  ]  783  during  a  short  eruption,  and  this  mass  was 
-spread  over  a  wide  area,  its  thickness  in  many  places  not 
-exceeding  10  feet,  though  in  others  amounting  to  500  or 
600  feet.  The  recent  lavas  of  Mauna  Loa,  before  alluded  to, 
are  on  a  far  grander  scale,  and,  as  already  observed,  they  flow 
out  without  the  convulsive  movements  belonging  to  an  erup- 
tion of  Etna  and  Vesuvius. 

The  chemical  phenomena  accompanying  a  volcanic  eruption 
have  been  carefully  studied  in  the  case  of  the  most  recent 
■eruptions  of  all  the  European  volcanoes.  They  are,  on  the 
whole,  very  uniform,  and  indicate  with  tolerable  clearness  the 
history  of  what  is  going  on  in  the  depths  beneath. 

Assuming  that  there  are  open  cavities  in  the  interior  of  the 
earth  at  a  moderate  but  small  depth, — that  the  temperature  is 
there  high  enough  to  reduce  certain  rocks  to  a  state  of  igneous 
fluidity, — and  that  there  are  means  of  access  of  water  from  the 
surface ; — ^it  is  believed  that  fissures  will  be  formed  in  the 
•earth's  crust  by  the  expansive  force  of  steam,  after  perhaps  many 
preliminary  vibrations  [earth-quakes],  and  a  partial  upheaval 
■will  take  place  along  a  line  of  least  resistance,  stratigraphically. 
A  way  being  thus  opened,  there  is  an  issue  of  vapour  of  water, 
■of  various  gases,  of  liquid  rock  or  lava,  and  of  actual  soUd 
fragments  of  unmelted  rock,  besides  an  eruption  of  ashes  and 
scoriee,  which  are  the  minute  fragments  of  vesicular  lava. 
Pumeroles,  or  smoking  and  steaming  openings,  abound  during 
before  and  after  an  eruption,  and  are  the  best  indicators  of 
■what  is  going  on.  They  consist  largely  of  vapour  of  water,  but 
include  gases,  chiefly  carbonic  acid,  oxygen,  hydrogen,  nitrogen, 
and  carburetted  hydrogen.  At  first,  and  while  the  eruption  is 
very  active  and  the  temperature  high,  hydrogen  is  present  ta 
the  extent  of  about  30  per  cent.,  and  is  accompanied  by  carbu- 
retted hydrogen  (protocarburet),  carbonic  acid  gas,  nitrogen, 
■and  a  little  oxygen.    Afterwards,  as  the  temperature  loweis» 
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the  hydrogen  diminishes  to  one  half,  but  the  carburetted  hydro- 
gen slightly  increases.  The  carbonic  acid  gas  then  increases 
to  50  per  cent.,  and  the  nitrogen  to  30.  As  the  eruption  con- 
tinues and  gradually  exhausts  itself,  the  gases  from  the  fumerples 
change;  the  hydrogen  diminishes,  and  ultimately  disappears; 
the  nitrogen  also  diminishes;  the  oxygen  slightly  increases; 
but  the  carbonic  acid  almost  replaces  everything  else,  rising 
to  upwards  of  90  per  cent. 

Thus,  as  the  proportion  of  cai-bonic  acid  increases,  the  erup- 
tive activity  dies  out.  At  Santorin,  in  the  great  eruption  of 
1866,  fissures  in  the  lava,  before  the  eruption,  yielded  gases 
consisting  of  carb.  ac.  78-44,  nitrogen  17-55,  oxygen  3-37. 
During  the  eruption,  carb.  ac.  50-4],  hydrogen  16-12,  carb. 
hyd.  2'95,  nitrogen  30-22.  After  the  eruption  the  result  was,' 
carb.  ac.  9078,  oxygen  0-88,  nitrogen  8'34.  During  the  erup- 
tion, stifling  odours  both  of  muriatic  and  sulphurous  acid,  were 
recognised,  and  at  a  little  distance  sulphuretted  hydrogen  was 
disengaged  in  large  quantity.  Sulphur  also  was  accumulated 
to  a  considerable  amount,  no  doubt  derived  from  the  mutual 
action  of  muriate  of  ammonia  and  sulphuretted  hydrogen. 

All  the  chemical  results  here  indicated  with  regard  to  gases 
seem  to  proceed  in  regular  order,  and  are  invariable ;  but  be- 
sides gases,  the  fumeroles  also  emit  a  certain  proportion  of 
other  substances.  At  first,  and  during  activity,  the  alkaline 
products  prevail,  but  by  degrees  the  acids  become  more  and 
more  preponderant,  owing  to  the  absence  of  sufficient  heat  to 
volatilise  the  alkaline  salts.  It  is  by  frequent  and  constantly- 
changing  reactions  that  the  extreme  variety  of  products  and  the 
e.vtraordinary  and  rapid  changes  of  appearance  often  remarked 
are  developed.  The  chlorides  first  come,  and  then  follow  hy- 
drogen and  nitrogen  either  separately  or  combined  and  form 
ing  ammonia.  Oxygen  is  not  abundant  Sulphur,  soda,  pot- 
ash and  lime  (the  latter  in  small  quantities),  and  some  metels, 
Bueh  as  copper  and  iron,  are  present.  On  dulj'  weighing  all 
these  facts,  the  appearances  on  the  occasion  of  ai»  eruption 
are  rendered  comprehensible.  Chlorides  and  sulphates  are 
among  the  most  common  salts.  Muriate  of  ammonia  is  often 
formed  in  very  large  quantities,  but  being  soluble  it  is  lost 
sight  of  after  the  first  rains.     These  are  first  products. 

Immediately  after  the  lava  has  ceased  to  flow,  and  while  it 
is  yet  red  hot,  various  chlorides  form  a  zone,  richly  coloured, 
witiiin  and  near  the  mouth  of  the  crater,  and  sulphates,  chiefly 
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of  lime,  form  a  whiter  zone  at  a  distance.  During  fine  weather 
these  remain.  They  disappear  for  a  time  when  rain  falls,  but 
soon  reappear  so  long  as  chemical  action  goes  on.  The  ammo- 
niacal  products  have  been  supposed  to  be  limited  to  places 
-where  the  lava  has  flowed  over  meadows  and  other  places 
where  vegetation  abounds.  Alum,  in  various  forms,  is  almost 
always  met  with,  and  carbonate  of  soda  has  been  observed  in 
crevices  in  recently-cooled  lava.  Chloride  of  potassium  and 
sulphate  of  potash  are  not  uncommon,  and  these  are  supposed 
to  be  due  to  the  reaction  of  muriatic  acid,  disengaged  by  lavs 
from  organic  substances  reached  by  the  eruption. 

Volcanoes  are  distributed  over  ibe  earth  in  a  manner  which 
may  be  described  as  orderly  and  systematic.  Upwards  of 
four  hundred  principal  cones,  each  involving  a  group  of  smaller 
cones,  have  been  described.  Many  others  exist,  and  most  of 
the  named  groups  occupy  a  large  area,  the  whole  of  which  is 
affected  by  volcanic  influence.  The  cones  themselves  are  in 
groups  within  limited  areas,  sometimes  isolated,  but  mors 
frequently  in  systematic  arrangement  along  a  definite  axis. 
All  those  which  we  shall  refer  to  at  present  have  either  been 
known  to  exhibit  activity  during  the  historic  period,  or  are 
presumed  to  have  done  so  upon  good  circumstantial  evidence. 
In  addition  to  the  volcanoes  believed  to  have  been  active  in 
the  historic  period  there  are  many  doubtful  cases,  and  many 
of  which  it  may  be  said  that  indications  of  volcanic  action, 
within  a  comparatively  recent  period,  exist,  although  the 
evidence  of  recent  activity  is  insufficient  to  justify  us  iu 
ranking  them  as  recent  volcanoes. 

Besides  volcanoes,  there  are  other  phenomena  of  a  similar 
nature  and  origin,  which  serve  to  connect  the  past  with  the 
present,  and  point  to  subterranean  disturbance  on  a  large 
scale  at  no  distant  period.  These  will  be  considered  at  the- 
close  of  the  present  chapter. 

In  noticing  the  distribution  of  volcanoes  it  is  well  to  recall 
attention  to  the  fact  already  alluded  to,  that  most  of  them  occur 
in  islands,  or  along  a  coast  line  near  the  sea.  The  exceptions- 
to  this  general  rule  are  extremely  few.  The  following  tabular 
view  of  the  principal  groups  will  be  useful  for  reference^ 
although  the  subsequent  notices  referring  to  them  will  not 
follow  in  the  same  order.  The  European  volcanoes  belong 
partly  to  the  Atlantic  Ocean  and  partly  to  the  Mediterraneau' 
groups. 
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Nam1]er  of 
Position  of  Volcanoes.  principal 

cones. 
Atlantic  Ocean.     Northern  part  .         .        .         .10 

,,  Central  part      .         .         .         .10 

„  Southern  part  ....       3 

■Gulf  of  Mexico — West  India  Islands    .        .        .10 
.Mediterranean — sea  and  coasts    ....       5 

Eed  Sea  and  African  coast  adjacent       ...       2 
Indian  Ocean  (west  side)      .....       3 

-Asiatic  Continent        .         .         .         ...       5 

Asiatic  coasts  and  islands.     Southern  part    .         .75 

n  Eastern  part      .         .  J 10 

Eastern  Archipelago  and  Pacific  Ocean         .         .16 

America.     Northern  series  .         .         .         .         .45 

„  Central  series     .         .         .         .         .45 

„  Southern  series  .         .         .         .54 

Antarctic  land    .......       3 

The  actual  numher  of  volcanic  vents  in  a  given  district  is 
not  of  itself  of  much  importance,  for  the  indication  that  may 
seem  to  be  suggested  of  greater  volcanic  activity  where  there 
are  many  cones  is  hardly  borne  out  by  the  facts.  The  dis- 
tricts within  which  the  number  of  volcanic  craters  that  have 
•erupted  within  the  historic  period  is  very  large,  are  sometimes, 
'though  not  always,  those  of  inferior  energy,  while  many  where 
only  a  single  group  of  cones  is  recorded,  are  among  the  most 
remarkable  on  the  earth.  Nor  must  it  be  assumed  that  all 
■those  mentioned  in  the  hst  under  different  headings  are  not 
related  to  each  other  very  directly.  The  list  is  given  for  the 
■convenience  of  the  reader  in  estimating  the  localities  marked 
•by  volcanoes,  and  enabling  him  to  detect  those  where  no 
volcanic  phenomena  have  been  experienced. 

Referring  to  former  chapters,  in  which  the  position  of  the 
great  enclosing  lines  of  mountain  chains  and  oceanic  basins 
and  sub-basins  have  been  approximately  traced  (see  chapters 
v.  and  vii.  passim),  the  reader  will  be  able  to  estimate  the 
"value  of  the  facts  there  noticed,  and  their  bearing  on  the  impor- 
tant problem  of  the  earth's  early  history.  It  would  seem,  that 
almost  without  exception,  the  volcanoes  and  volcanic  bands 
are  to  be  found  running  within  the  various  basins  or  drainage 
areas  into  which  the  surface  of  the  land  is  divided,  but  that 
in  some  cases  different  bands  approach  and  interfere  with  or 
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run  into  each  other.  Wherever  three  of  these  irregular  hasiiu^ 
meet  in  a  point  there  are  lofty  table  lands  and  mountain  peaks. 
Wherever  the  edges  of  two  come  together  in  a  line  there  is  » 
ridge  or  mountain  chain ;  and,  generally,  where  one  of  the 
basins  is  oceanic,  and  the  ridge  approaches  the  sea,  there  is  a 
line  of  volcanoes  marking  tiie  contact.  Where  the  great 
mountain  chain  does  not  everywhere  approach  the  sea,  as  in 
the  old  continent,  the  volcanoes  are  grouped  chiefly  where 
the  sea  is  at  hand.  It  has  sometimes  been  supposed  that 
volcanoes  are  distributed  partly  in  lines  and  partly  in  circular- 
groups.  There  is  every  probability  that  the  circular  groups, 
which  in  almost  every  case  consist  of  groups  of  islands  in  open 
ocean,  are  but  the  visible  points  of  eruption  of  extended  lines. 
None  of  the  so-called  circular  groups  are  so  large  as  some 
areas  within  known  lines,  and  most  of  them  are  clearly  trace- 
able in  their  mutual  relation.  M.  Mallet  has  remarked,  that 
"nearly  all  the  clusters  or  circular  groups  of  volcanoes  are- 
situated  in  the  ocean,  and  far  from  continental  land;  they 
stand  on  and  are  connected  with  each  other  by  oceanic  plateaux, 
rounded  submarine  ridges,  shallows,  rocks  and  islands,  and  by- 
similar  connexions  with  points  of  continental  coasts,  either 
mountainous  or  volcanic."* 

The  great  volcanic  lines  may  be  described  in  a  general  way 
as  ranging  along  the  edges  of  the  great  oceanic  basins.  The 
most  active  is  that  of  Java  and  Sumatra,  separating  the  China 
Sea  from  the  Indian  Ocean.  That  in  -which  are  the  great 
craters  of  Hawaii  is  equally  remarkable.  The  next  in  point 
of  energetic  operation  is  the  Mexican  group,  and  its  extension 
southwards  in  the  high  Andes,  on  the  west  coast  of  South. 
America.  The  Mediterranean  band,  extending  from  Asia 
Minor  by  some  islands  of  the  Eastern  Archipelago  to  Sicily,, 
and  a  band  on  the  western  side  of  the  North  Pacific  Ocean, 
may  be  regarded  as  succeeding  these  in  importance.  The- 
number  of  the  large  volcanic  craters,  in  some  of  these  localities, 
is  inconsiderable,  but  the  eruptions  are  of  interest. 

Although  less  important  than  many^  in  the  number  of  the 
volcanic  vents  and  in  the  intensity  of  volcanic  action,  the- 
European  system  is  naturally  of  extreme  interest  to  the  inha- 
bitants of  Europe.  It  includes  (1)  two  principal  volcanoes,, 
^ne  (Vesuvius)  on  the  southern-part  of  the  peninsula  of  Italy, 

*  Beport  on  Earthquakes,    Brit.  Assoc.  Beports,  1858,  p.  66. 
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and  the  other  (Etna)  much  more  lofty  and  equally  interesting, 
situated  in  the  island  of  Sicily.  These  are  connected  by  (ii) 
the  group  of  the  Idpari  islands,  which  are  constantly  in  a  state 
of  semi-activity.  They  are  also  probably  connected,  though 
less  intimately,  with  (3)  the  volcanoes  of  the  Greek  islands. 
All  have  shown  more  or  less  activity  within  the  last  few  thou- 
sand years,  and  must  be  ranked  among  existing  volcanic  vents. 
All  are  connected  with  the  earthquake  movements  that  have 
disturbed  the  bed  of  the  Mediterranean  and  the  land  of  Italy 
from  time  immemorial.  Eruptions  in  one  district  have  been 
preceded  by  earthquakes  in  another.  There  is  such  an  amount 
of  sympathy  between  two  important  vents  that  one  answers  to 
the  other.  When  one  is  active  the  other  is  idle ;  and  if  both 
seem  to  be  active,  it  is  because  neither  of  them  is  so  very 
seriously. 

Ijet  us  now  consider  the  facts  connected  with  the  chief 
volcanoes  and  volcanic  groups,  beginning  with  those  that  are 
nearest  to  ourselves.  Of  these  the  south  Italian  group  is  the 
most  important.  It  extends  at  present  from  the  sea  to  the 
south-west  of  Sicily,  where  volcanic  eruptions  have  taken  place 
within  a  recent  period  through  the  whole  of  Sicily,  and  in  a 
belt  about  a  hundred  nules  wide  to  the  foot  of  the  Apennines, 
behind  Vesuvius,  a  distance  of  about  thi'ee  hundred  miles.  It 
includes  the  great  volcanoes  of  Etna  and  Vesuvius,  and  the 
subordinate  but  active  volcanoes  of  the  Lipari  islands  (Strom- 
boli  and  others).  But  it  must  also  include  the  semi-extinct 
volcanoes  of  Monte  Volture,  and  it  is  difficult  not  to  include 
those  near  Borne,  another  hundred  miles  to  the  north.  The 
volcanic  action  has,  in  former  times,  extended  much  further 
northwards,  and  still,  though  in  a  subdued  state,  reaches  to 
the  northern  slopes  of  the  Apennines,  near  Parma  and  Modena. 
On  the  whole,  tiis  belt  must  be  regarded  as  nearly  700  miles 
in  length,  ranging  about  400  miles  NW.  from  Vesuvius  and 
300  mSes  SW.  from  the  same  central  point.  It  is  more  usual 
to  consider  it  as  made  up  of  two  principal  portions,  one  near 
Etna  and  the  other  in  the  Bay  of  Naples. 

Etna,  from  its  great  elevation  (nearly  11,000  feet),  the  large 
area  covered  with  its  lavas  (120  miles  in  circumference,  en- 
closing at  least  600  square  miles),  its  extremely  regular  and 
moderate  slope  (averaging  about  8o),  and  the  contrast  it  a£Fords 
with  the  luxuriant  vegetation  around  and  on  its  sides,  is  the 
most  remarkable.     The  great  dome  rises  very  gradually,  and 
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the  cone,  containing  the  principal  crater  at  its  summit,  is 
very  large.  The  lava  currents  are  numerous,  reaching  in  some 
cases  15  miles  from  the  point  of  outflow,  vdth  a  breadth  of  4 
or  5  mile^,  and  a  thickness  of  100  feet.  On  the  sides  of  the 
volcano  are  nearly  a  hundred  subordinate  cones  of  ashes,  some 
of  considerable  magnitude;  one  of  them  is  upwards  of  700 
feet  high. 

Etna  has  been  an  erupting  volcano  from  very  ancient  date, 
but  the  first  disturbance  recorded  is  about  six  centuries  before 
the  Christian  era.  There  are  records  of  about  fifteen  large 
eruptions  between  this  and  a.d.  72,  after  which  there  was 
repose  for  180.  years.  Afterwards  there  were  several  small 
disturbances.  The  principal  eruption  of  the  fifteen  was  in 
396  B.C.,  when  a  lava  current  ran  24  miles  from  the  point 
near  the  summit  of  the  cone  to  the  sea,  and  entered  the  sea 
with  a  breadth  of  two  miles.  After  the  eruption  of  a.d.  72 
there  was  quiet  for  124  years,  and  then  after  a  great  eruption 
a  further  rest  for  166  years.  After  the  eruption  of  a.d.  362, 
there  is  no  certain  record  of  disturbance  for  749  years.  During 
this  interval  Vesuvius  was  several  times  active. 

One  of  the  principal  recorded  eruptions  of  Etna  took  place 
in  1169,  when  a  large  lava  current  reached  and  overwhelmed 
Oatania.  In  1329  there  was  another  eruption  of  importance. 
The  next  dates  are  1408,  1444,  and  1447.  After  this,  for  89 
years  the  volcano  was  again  quiet. 

A  great  eruption  took  place  in  1536  and  1537,  followed  by 
earthquakes  a  few  years  later,  and  then  other  eruptions,  at 
short  intervals,  till  1619.  Between  that  and  1669,  when 
Oatania  was  once  more  overwhelmed  by  a  vast  flood  of  lava, 
there  were  several  smaller  disturbances ;  and  after  1669  till 
1702  there  were  few  considerable  intervals  of  repose.  Between 
1702  and  1723  there  was  nothing  important,  but  from  that 
time  to  the  present  there  has  been  always  more  or  less  activity. 
The  last  important  eruption  was  in  1865,  when  a  considerable 
portion  of  the  north-eastern  side  of  the  great  cone,  and  one  ot 
the  subordinate  cones  (Monte  Fromentu),  were  split  by  a 
wide  .fissure,  and  lava  issued  which  ran  several  miles,  and 
threatened  to  destroy  several  villages. 

Etna  connects  with  Vesuvius  by  Stromboli  and  several 
other  islands  of  scoriae  and  lava  (the  Lipari  group),  nearly 
north  of  the  great  volcano.  It  also  connects  with  the  volcanie 
island  of  Pantelleria,  about  50  miles  south-west  of  Girgenti, 
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where  there  is  subdued  volcanic  action.  Stromboli  is  interest- 
ing, from  its  constant  activity.  It  is  2,318  feet  in  height, 
-rising  directly  from  the  sea,  and  is  entirely  composed  of  lava 
■and  scoriae.  It  is  never  still ;  but  no  important  eruptions  from 
it  are  recorded.  Between  Girgenti  and  Pantelleiia  is  a  shoal 
•which  marks  the  position  of  Graham  island,  formed  by  a  vol- 
canic eruption  some  years  ago. 

Vesuvius  is  the  principal  cone  of  an  important  volcanic 
district,  smaller  at  present  than  that  of  Etna,  and  less  than 
4,000  feet  above  the  sea,  but  in  the  highest  degree  inte- 
resting. The  actual  area  over  which  recent  volcanic  action  is 
traceable  extends  from  Vesuvius  itself  to  beyond  Ischia,  a  dis- 
tance in  all  of  nearly  40  miles,  with  a  breadth  of  nearly  20  miles ; 
but  these  limits  do  not  include  the  outlying  points,  Monte 
Vulture  to  the  east  and  the  Ponza  islands  to  the  west  (both 
volcanic),  whose  distance  asunder  is  150  miles. 

Vesuvius  had  long  been  in  a  state  of  repose,  and  was  not 
recognised  as  an  active  volcano  untU  the  year  63  of  the  Chris- 
tian era,  nor  did  any  great  eruption  take  place  till  a.d.  79, 
when  Pliny  was  killed,  and  Herculaneum  and  Pompeii  buried 
in  the  erupted  ashes.  No  great  eruption  followed  this  for  124 
years.  After  a.d.  303,  the  next  eruptions  of  importance  were 
in  472  and  512,  both  very  serious,  and  the  next  after  these  in 
1 1 39.  There  had,  howe\'er,  been  intermediate  disturbances. 
Vesuvius  was  again  quiet  for  267  years,  during  which  Etna 
erupted;  and  after  1306  there  was  an  interval  of  194  years. 
One  of  the  chief  eruptions  of  modem  times  was  in  1631,  fol- 
lowed in  1660  by  another,  /ery  remarkable.  In  1682  there 
was  an  eruption  which  greatly  changed  the  aspect  of  the  moun- 
tain by  destroying  the  former  crater ;  and  the  cone  was  again 
altered  in  1696.  During  the  eighteenth  century  the  eruptions 
were  frequent,  and  in  the  present  century  they  have  been  con- 
tinued. A  serious  eruption  took  place  in  1861,  when  eleven 
small  cones  were  formed  on  a  fissure  2,000  yards  in  length ; 
and  the  ground  between  the  cone  and  the  sea,  at  Torre  del 
Greco,  was  much  disturbed  by  earthquakes.  Another  consider- 
able eruption  commenced  at  the  close  of  1867. 

It  has  generally  happened,  that  during  long  intei^vals  of  re- 
pose of  either  Etna  or  Vesuvius,  the  other  volcano  has  erupted 
seriously,  and  on  a  large  scale.  It  appears,  also,  that  Ischia, 
■Khich  has  been  tranquil  for  the  last  two  thousand  years,  had 
been  in  activity  during  the  repose  of  Vesuvius,  before  the 
Christian  era ;  and  that  the  numerous  cones  of  the  Phlegrseaa 
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fields,  between  Vesuvius  and  Ischia,. including  the  Solfatara, 
nave  always  taken  advantage  of  the  intervals  of  repose  of  the- 
great  volcanoes  to  exhibit  that  amount  of  activity  which  ha» 
belonged  to  them.  Monte  Nuovo,  one  of  these,  was  formed 
during  the  seventeenth  century. 

There  is  an  important  volcanic  band  in  the  Greek  islands. 
It  ranges  south-east  from  near  Athens,  and  includes  Santoiin^ 
where  there  has  been  (1866)  a  recent  submarine  eruption  in. 
the  interior  of  the  enclosed  bay  of  considerable  dimensions, 
apparently  an  old  and  broken  crater.  The  bed  of  the  Medi- 
terranean, between  Santorin  and  Sicily,  especially  near  the- 
south  of  the  Morea  (at  Cerigo),  was  gready  disturbed  and 
elevated  during  the  period  that  elapsed  between  the  erup- 
tion of  Etna  in  1866  aud  that  of  Santorin  in  1 866. 

The  late  eruption  of  Santorin  was  accompanied  by  the  out- 
pouring of  a  very  large  quantity  of  lava,  which  has  continued  t»- 
increase  the  area  of  land  in  the  small  island  of  Nea  Kaimeni. 
In  the  early  part  of  1868  this  island  was  aheady  doubled,  and 
the  increase  continued.  The  small  islands  in  the  Santoria 
group  are  all  volcanic,  and  have  been  formed  in  compai-ativelj 
recent  times. 

Asia  Minor  abounds  vrith  proofs  of  volcanic  activity  of  no 
very  ancient  date ;  but  there  seem  to  be  no  erupting  craters^ 
nor  have  there  been  any  within  the  historic  period.  In  the 
country  east  of  Smyrna,  indeed,  there  are  three  cones  of  erup- 
tion from  which  streams  of  lava  have  issued ;  and  as  these 
cones  are  composed  of  scorise  and  stand  at  a  very  steep  slope, 
it  is  not  hke^  that  they  can  be  very  ancient.  Many  of  die 
high  peaks  in  the  Taurus  chain,  and  Mount  Elburz  itself,  the 
giant  of  the  Caucasus,  are  volcanic  in  their  origin ;  but  they 
certainly  eannot  fairly  be  ranked  as  among  existing  volcanoes,, 
active  in  the  modem  period. 

Syria,  the  Holy  Land,  and  Arabia,  all  exhibit  volcanic  phe- 
nomena of  a  very  direct  nature.  The  borders  of  the  Ked  Sea, 
especially  in  its  southern  part,  near  Aden,  are  also  volcanic, 
but  offer  no  instances  of  erupting  volcanoes.  Eastern  Africa 
contains  very  lofty  volcanic  cones  not  far  from  the  coast. 

Thewholeof  the  countryneartheshoresof  theMediterranean, 
on  the  African  shore,  must  be  regarded  as  free  from  any  recent 
disturbances ;  and  it  is  not  till  we  pass  the  Straits  of  Gibraltar, 
and  the  extremity  of  the  Atlas  mountain  chain  as  it  extends 
into  the  Atlantic,  that  we  again  meet  with  volcanoes  In 
the  Canary  islands,  the  island  of  Teueriffe  presents  us  \Tith  a 
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aoble  cone,  rising  more  than  13,000  feet  above  the  sea.  and 
with  a  crater  of  no  ancient  date.  Lava  currents  have  flowed 
in  eomparativelj  recent  tim^  from  this  cone ;  and  in  the  same 
island  there  are  not  less  than  six  other  cones,  all  volcanio,. 
although  none  of  them  have  erupted  recently.  In  the  Canary 
Islands,  still  nearer  the  north-west  coast  of  Africa,  there  are- 
several  volcanoes.     None  of  them  are  in  actual  eruption. 

In  the  Gape  de  Verd  Islands  is  one  volcano  still  active,  and 
others  of  recent  date.  Not  far  off  is  a  part  of  the  ocean  where 
there  is  proof  of  recent  submarine  action  on  a  grand  scale. 
Further  on,  the  Island  of  Ascension  exhibits  a  multitude  of 
volcanic  peaks ;  and  St.  Helena,  to  the  south-west  of  Ascen- 
sion, has  similar  indications.  Nearer  the  American  side  of 
the  South  Atlantic  is  the  volcanic  island  of  Trinidad,  and  to 
the  south  is  Tristan  da  Cunha,  both  volcanic.  Thus,  parallel 
to  the  coast  of  Africa  there  are  many  proofs  of  the  existence 
and  recent  working  of  a  very  great  and  efficient  volcanic  acti-  ■ 
vity.  Within  Africa  itself,  except  on  the  east  coast,  as  already 
described,  there  seems  no  indication  whatever  of  volcanic  energy. 
That  vast,  compact  land,  has  been  brought  into  its  present 
position  without  being  subject  to  the  convulsions  that  generally 
accompany  volcanic  action,  when  from  time  to  time  the  com- 
munication between  the  interior  of  the  earth  and  the  surface 
is  intercepted.     Australia,  in  this  respect,  resembles  it. 

But  it  is  not  only  in  the  southern  part  of  the  Atlantic  that 
volcanic  islands  are  recognised.  The  Icelandic  group,  near 
the  Arctic  circle,  and  that  of  Jan  Meyen  Island,  within  it,  are- 
in  some  respects  as  interesting  as  the  Mediterranean  group, 
including  Etna  and  Vesuvius. 

It  is,  indeed,  to  its  volcanoes  that  Iceland  owes  its  chief 
interest,  and  in  no  part  of  the  world  is  more  t6rrible  evidence 
of  volcanic  agency  to  be  seen.  Most  of  the  greater  mountains 
of  the  island  are  still  volcanoes,  and  the  whole  island  owes  its 
birth  to  volcanic  upheaval.  Hecla  is  the  best  known  example, . 
and  this  chiefly  because  it  lies  to  the  south  of  the  island,  and 
can  be  seen  by  passing  ships,  but  it  is  very  far  from  being  the 
most  destructive  of  the  Icelandic  group.  It  is,  however,  up- 
wards of  6,000  feet  in  height.  On  an  average,  there  has  been 
an  explosion  somewhere  in  the  island  every  thirtfeen  years,  begin- 
ning at  the  earliest  period  of  accurate  history.  A  large  part  of  the.- 
interior  of  Iceland  is  little  known,  and  rarely  if  ever  visited.  It 
is,  no  doubt,  very  inaccessible,  but  it  is  rertainly  remarkable,  thatr 
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in  a  land  where  bravery  and  enterprise  have  never  been  wanting, 
a  region  some  3,000  square  miles  in  extent,  lying  in  the  south- 
east comer  of  the  island,  should  have  been  so  little  penetrated 
by  man.  In  that  wild  and  almost  untrodden  desert  stand 
some  of  the  most  destructive  craters  on  the  surface  of  the 
globe ;  and  out  of  this  solitude,  seas  of  molten  lava  have  at 
various  times  flowed  over  the  pastures  and  laboriously  cultivated 
fields  of  the  inhabitants.  HUls  have  been  thrown  up,  water- 
courses cut  deep  in  the  hills  filled  to  the  brim,  and  long  reefe 
and  islands  cast  far  out  into  the  sea,  by  the  successive  floods 
of  lava.  One  stream  is  50  miles  long,  15  miles  broad,  and 
600  feet  deep ;  and  it  has  been  calculated  that  a  single  volcano 
in  that  wilderness  threw  out,  during  one  eruption,  50  to  60 
millions  of  cubic  yards  of  material.  The  accounts  which  have 
been  banded  down  of  this  event  present  to  us  a  picture  too 
terrible  almost  for  belief.  With  a  wide-spread  destruction  of 
the  land,  the  depths  of  the  sea  were  invaded,  and  the  fish  (the 
Icelanders'  chief  means  of  subsistence)  driven  from  the  shore. 
The  flames  broke  out  even  through  die  waves  in  the  line  of 
movement,  and  the  sea  was  covered  vpith  pumice  for  160  miles. 
A  thick  canopy  hung  over  the  island  for  a  year,  and  the  winds 
carried  the  ashes  over  Europe,  Africa,  and  America.  The 
very  sun  was  darkened,  and  showed  only  as  a  ball  of  fire; 
vyhile  frightful  hurricanes,  hail  storms,  thunder  and  lightning, 
added  their  horrors. 

Hecia  is  in  a  state  of  almost  incessant  disturbance,  either 
by  actual  eruptions  or  those  smaller  but  singularly  picturesque 
and  striking  phenomena  of  boiling  springs  for  which  the  island 
is  celebrated.  The  Geysers,  however,  belong  to  the  second 
or  subdued  stage  of  activity.  Beyond  Hecla  is  Jan  Meyens 
Island,  where  there  are  two  volcanoes. 

On  the  continent  of  Asia  there  is  a  remarkable  but  very 
little  known  line  of  volcanic  activity,  of  which  the  mountain 
■of  Thian  Chan  (celestial  mountain)  is  the  central  part  It  is 
still  doubtful  whether  there  are  true  active  volcanoes.  The 
case  is  far  difierent  on  the  southern  and  eastern  coasts.  The 
islands  near  the  Malay  peninsula,  commencing  with  the  An- 
daman group  and  the  Nicobar  islands,  and  extending  through 
Sumatra  into  Java,  are  all  volcanic,  and  the  volcanic  force 
attains  there  the  condition  of  intense  energy.  Along  the 
v^hole  length  of  Java  the  volcanic  mountains  aj-e  so  close  that 
it  is  diflBcult  to  distinguish  between  the  various  groups.  This 
is  the  case  for  at  least  700  miles.    In  this  island  the  volcanoes 
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range  from  5,000  to  13,000  feet  in  height  above  the  sea.  A 
branch  of  the  volcanic  belt  proceeds  northwards  through  the'' 
Plullippine  Islands  and  Formosa,  connecting  by  Japan  with 
the  Kurile  Islands  and  Kamtchatka.  Another  branch  connects 
with  New  Guinaa,  and  so  with  the  Australian  group  (off  the' 
eastern  coast)  and  New  Zealand,  where  Mount  Egmont  risfiar 
to  a  lofty  elevation  and  is  one  of  the  noblest  volcanoes  in  the' 
Pacific. 

Of  Hawaii,  in  the  Sandwich  group,  one  of  the  principal  vol 
canoes  of  the  islands  of  the  Pacific,  we  have  already  given, 
some  account.  It  may  possibly  connect,  by  a  curved  line, 
■with  the  Marquesas  group  and  the  Society  Islands,  both  of 
■which  are  volcanic,  though  the  cones  and  craters  are  less 
considerable  than  in  the  Sandwich  Islands.  Across  the 
Pacific  we  have  the  volcanic  group  of  the  Galapagos  Islands  ; 
to  the  south  is  Easter  Island,  and  much  further  south,  in  the 
Antarctic  Ocean,  a  large  tract  of  land,  perpetually  enclosed 
by  ice,  vomits  forth  fire  and  melted  rock  from  a  number  of 
lofty  volcanic  cones.  Crossing  the  comparatively  narrow  sea 
between  South  Shetland  Island  and  Gape  Hoorn,  we  come  to 
volcanoes  again  in  Tierra  del  Fuego,  where  there  are  three- 
cones,  of  which  the  loftiest  is  nearly  7,000  feet  in  height.  In 
this  manner  commences  the  magnificent  volcanic  range,  which 
is  continued  at  intervals  throughout  the  whole  chain  of  the 
Andes  to  the  Rocky  Mountains. 

The  northernmost  of  the  Patagonian  volcanoes  is  in  lati- 
tude 54°  '2T  S.,  and  the  next  to  the  north  occurs  on  the  coast 
of  Chili,  in  latitude  43^°  S.  The  Chilian  range  includes 
about  twenty  volcanoes,  within  a  distance  of  about  700  miles, 
the  loftiest  of  them  being  Aconcagua,  whose  height  is  23,900 
feet,  but  too  little  is  known  of  the  physical  history  of  this  dis- 
trict to  enable  us  to  determine  very  distinctly  which  of  these- 
volcanoes  have  been  in  recent  activity. 

North  of  the  Chilian  range,  at  the  distance  of  540  mUes, 
commences  that  of  Peru  and  Bolivia,  which,  in  a  distance  of 
360  miles,  presents  to  us  twelve  volcanoes,  one  of  which,  that 
of  Viejo,  is  upwards  of  20,000  feet  in  height,  and  another  as- 
much  as  22,000  feet.  About  800  miles  north  of  the  northern 
extremity  of  the  Peruvian  range  commences  that  of  Quito, 
■where  seventeen  magnificent  cones,  ranging  from  13,000  to 
20,000  feet  above  the  sea,  are  crowded  into  a  distance  whose- 
extreme  length  is  less  than  400  miles.  Amongst  theses 
Cotopaxi  throws  up  flames  3,000  feet  above  the  brink  of  its 


^34  FIRE. 

•crater,  which  is  nearly  19,000  feet  atove  the  sea  level,  and  its 
bellowings  are  heard  for  hundreds  of  miles,  reaching  even  to 
the  mariner  as  he  sails  upon  the  ocean  past  the  coast  line  of 
'this  part  of  America.  In  this  portion  of  the  Andes  the  chain 
i&  for  the  first  time  distinctly  double,  and  we  have  already 
described  the  lofty  plains,  bounded  on  each  side  by  these 
gigantic  cones. 

From  the  northern  extremity  of  the  eastern  range  of  the 
^uito  volcanoes  two  branches  extend,  one  to  the  east,  connect- 
ing this  range  with  that  of  the  West  Indian  Islands,  where 
ten  volcanoes  have  been  described  between  latitude  12«>  and 
17  J"  N.,  and  longitude  61°  and  63"  W.,  the  other  forming  the 
Guatemala  group,  which,  following  the  western  line  of  coast, 
first  of  South  America  and  then  of  the  isthmus  connecting  the 
two  Americas,  commences  in  latitude  9°  35'  N.,  and,  in  a 
distance  of  400  miles,  presents  38  volcanoes,  some  of  which, 
as  Coseguina,  have  been  the  seat  of  frightful  eruptions  within 
a  comparatively  recent  period.  The  southernmost  of  these 
volcanoes  is  less  than  400  miles  from  the  northernmost  of  the 
Quito  range,  and  that  furthest  to  the  north  is  vrithin  150  miles 
of  the  Mexican  series  which  extends  westwards,  and  contains 
seven  volcanoes  in  a  distance  of  450  miles.  The  Guatemalan 
cones  are  most  of  them  under  13,000  feet  in  height,  and  are, 
therefore,  lower  than  those  of  Quito  to  the  south  or  Mexico  to 
the  north,  most  of  the  latter  rising  to  a  much  more  consider- 
able elevation,  and  one  of  them  (Popocatepetl)  being  nearly 
18,000  feet  high. 

From  this  point  northwards  to  latitude  26«>  N.,  a  distance 
of  rather  more  than  400  miles,  no  volcanoes  have  as  yet  been 
described,  and  thence  to  latitude  60"  we  are  told  only  of  ten, 
some  of  which  are  doubtful.  A  few  of  these  range  to  a  very 
considerable  altitude,  one  of  them.  Mount  Elias,  being  esti- 
mated at  nearly  18,000  feet.  In  this  latitude  the  volcanic 
range,  commencing  a  westerly  direction,  crosses  the  straits 
which  separate  North  America  from  Asia  by  a  multitude  of 
islands,  rising  to  very  different  but  often  considerable  heights 
above  the  sea,  and  consisting  of  not  less  than  thirty-five,  be- 
tween longitude  162|o  W  and  179o  20'  E.,  a  distance  of  only 
'600  miles.  From  the  westernmost  of  these,  which  are  tte 
Aleutian  Islands,  to  the  coast  of  Kamtchatka,  where  the  vol- 
cano of  Schiwelutch  rises  as  a  beacon  10,500  feet  above  the 
Ma,  is  a  distance  of  about  600  miles,  and  there  appears  to  be  a 
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Jbrresponding  range  to  that  on  the  coast  of  South  America, 
commencing  with  the  twenty-one  volcanoes  of  Eamtchatka, 
between  latitude  51Jo  and  58°  N.,  and  continued  by  the  vol- 
canic series  of  the  Kurile  Islands,  already  alluded  to. 

In  many  volcanic  districts  there  may  be  traced,  though  often 
at  a  considerable  distance  from  actuaj  points  of  eruption,  a 
certain  amount  of  subdued  activity,  illustrated  chiefly  by  slow 
chemical  action,  which  deserves  careful  study.  The  phenomena 
have  been  referred  to  as  pseudo-volcanic,  and  may  be  classed 
under  three  heads,  as  involving — (I)  Fumeroles  of  hot  air 
■with  vapour  of  water,  carbonic  acid  gas,  and  sulphur-fumes, 
called  suffiones,  or  solfataras;  (i)  Eruptions  of  boiling  water; 
and  (3)  Eruptions  of  mud,  generally  cold,  and  often  witli  liquid 
bitumen  or  naphtha.  These  latter  are  called  mud  volcanoes, 
or  saUei. 

Fumeroles  include  not  only  the  gaseous  emanations  from  era 
ters  and  hot  lava  during  actual  eruptions,  but  the  issues  of  gas 
and  vapour  from  cracks  in  cold  lava,  often  very  minute,  continu- 
ing long  after  active  eruption  is  past.  Water,  percolating  and 
chemically  acting  on  lava,  basalt,  palagonite,  and  other  volcanic 
rocks,  and  on  tufa  derived  from  them,  reappears  at  the  surface 
as  vapour,  mixed  with  carbonic  acid  gas,  sulphurous  acid,  and 
sulphuretted  hydrogen.  The  latter  are  very  influential,  although, 
they  form  but  a  small  proportion  of  the  whole.  The  sulphu 
rous  gases  often  deposit  sulphur.  In  other  cases,  the  sulphuric 
acid,  acting  on  clay,  forms  alum,  which  rapidly  crystallises  on 
the  surface  of  the  clay,  and  is  often  present  in  large  quantities. 

The  presence  of  sulphur  in  large  quantities  converts  the 
mere  smoking  dtevices  into  solfataras,  where  thick  crystalline' 
crusts  of  sulphur  are  frequently  deposited.  The  sulphur  is 
believed  to  be  deposited  by  the  action  of  the  sulphurous  acid 
on  the  sulphuretted  hydrogen.  The  presence  of  these  gases, 
even  when  not  otherwise  traceable,  is  indicated  by  the  curious 
phenomena  of  contact-combustion.  When  the  lighted  end  of 
a  cigar,  or  a  match  just  blown  out,  is  brought  in.  contact  with 
the  issuing  vapour  from  a  fumerole,  a  large  and  dense  cloud  of 
vapour  emanates  from  the  burning  body,  which  sometimes  ex- 
tends far  and  wide  over  the  plain  or  hollow  where  the  crevice 
exists..  The  clay  deposits  of  solfataras  are  objects  of  some 
value,  on  account  of  the  alum  rapidly  formed  and  crystallised. 

There  are  occasionally  other  products  obtained  in  the  same 
way  from  these  pseudo-volcanic  districts.     Among  them,  borax 
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is  perhaps  the  most  valuable.  The  boracic  acid  rises  with  sulr 
phuretted  hydrogen  and  vapour  of  water,  at  high  temperature,, 
in  fumeroles  near  Volterra,  in  an  extinct  volcanic  district.  It 
is  there  obtained  by  evaporation  of  the  water. 

The  phenomena  of  boiling  springs  is  best  seen  in  the  plains 
of  Iceland,  near  the  great  glacia,!  plateau  in  the  centre  of  the, 
island,  at  a  spot  S3  miles  from  the  summit  of  Hecla  and  350 
feet  above  the  sea.  The  reaction  of  carbonic  acid,  sulphuretted 
hydrogen,  and  heated  water,  on  the  substance  of  the  volcanic 
rock  through  which  the  water  rises,  is  very  grand.  The  water 
lises  in  natural  fountains,  through  siliceous  tubes  deposited  by 
the  water  itself.  Iceland  abounds  in  permanent  springs  of 
bot  water  and  steam,  due  to  this  cause ;  but  the  intermittent 
springs,  of  which  the  great  Geyser  and  the  Strokkr  are  examples, 
are  much  more  striking. 

A  smooth,  circular  basin,  about  34  feet  in  diameter  and  4 
feet  deep,  terminating  downwards  in  a  smooth  pipe,  the  whole 
composed  of  silica,  is  usually  partly  filled  with  hot  water.  At 
intervals  explosive  sounds  are  heard.  From  time  to  time  the 
water  rises,  flows  over  the  edge  of  the  basin,  and  leaps  up  in 
a  considerable  jet.  A  succession  of  jets  of  steam  and  water 
follow,  and  the  water  is  thrown  up  to  a  height  of  90  feet,  the 
column  being  as  large  as  the  basin  itself.  The  water  then  re- 
tires back  into  the  basin,  and  the  phenomenon  is  over  for  the- 
time. 

The  mechanical  cause  of  all  eruptions  of  this  kind  is,  no 
doubt,  the  rapid  formation  of  steam  under  the  pressure  of  a 
high  column  of  hot  water ;  and  as  the  amount  of  force  required 
for  the  production  of  the  largest  jet  is  not  difiB.cult  to  calculate, 
the  depth  of  the  pipe  may  be  roughly  estimated.  The  whole 
length  of  pipe,  whatever  it  be,  has  certainly  been  formed  by 
deposits  of  silica  from  the  water  erupted,  which  may  originally 
have  issued  as  an  ordinary  warm  spring.  Thus,  the  special, 
phenomena  have  been  the  result  of  what  may  be  regarded  as  a 
local  accident ;  and  the  large  quantity  of  silica  in  the  water 
appears  to  be  due  to  the  nature  of  the  volcanic  lock  tbroughi 
which  the  water  passes,  on  its  way  from  the  heated  lava  below 
to  the  surface.  The  boiling  springs  of  Iceland  are  not  repeated 
in  precisely  the  same  form  in  any  other  volcanic  district. 

Mud  volcanoes  are  very  curious  phenomena,  and  though  long 
known,  have  hardly  been  sufficiently  considered  in  their  rela- 
tion to  ducaying  volcanic  energy.    They  occur  only  in  certaio' 
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"mitfed  areas,  though  they  are  both  more  frequeut  and  more 
important  than  has  generally  been  supposed  by  geological 
writers.  It  is  probable  that  they  may  in  some  cases  have 
commenced  recently,  though  the  recorded  instances  are  only 
repetitions  of  old  outbursts.  Those  best  known  in  Europe  are 
comparatively  small,  but  there  are  others  elsewhere  on  a  larger 
scale.     Let  us  consider  a  few  examples. 

At  Patemo,  in  Sicily,  close  to  the  south-western  extremity 
of  the  Etna  lavas,  a  mud  eruption  took  place  in  the  month  of 
January,  1866,  in  a  plain  below  the  hill  on  which  Patemo 
is  bmlt,  and. not  far  from  the  bed  of  the  Simeto.  It  com- 
menced by  a  slight  earthquake  and  the  outburst  of  a  strong 
jet  of  water  through  a  crevice  in  underlying  lava.  The  water 
at  first  rose  about  six  feet  in  a  strong  jet,  at  boiling  tempera- 
ture. Several  such  jets  followed,  the  volume  of  the  first  jet 
diminishing,  though  the  total  quantity  of  water  erupted  waSj 
increased.  The  temperature  of  the  erupted  water  diminished, 
slowly  from  the  commencement.  There,  was  no  noise,  no' 
flame,  and  no  visible  vapour,  but  much  gas  bubbling  through 
the  water,  and  some  naphtha. 

The  water  issuing  was  muddy,  but  no  stones  or  lumps  of 
solid  matter  were  erupted.  After  the  removal  of  the  mud  th^ 
water  remaining  was  found  to  be  intensely  salt.  A  consider-; 
able  quantity  of  petroleum  of  dark-green  colour  floated  on  thq 
surface  of  the  water. 

The  mud  volcanoes  of  the  Crimea  and  Taman  are  very 
iiumerous,  and  all  within  a  belt  of  country  nearly  para.llel. 
with  the  axis  of  the  Caucasus.  Similar  phenomena  exist  neq,r 
■jCeflis,  half-way  between  the  Black  Sea  and  the  Caspian ;,  at 
Baku)  on  the  western  shore  of  the  Caspian ;  and  in  islapds. 
near  the  eastern  shores  of  the  Caspian. 

The  erupting  cones  are  all  of  the  same  general  character. 
The  mild  is  poured  out  very  slowly  from  the  top,  and  is  tena^ 
cious,  and  often  as  thick  as  treacle.  Bubbles  of  gas  accom- 
pany the  mud.  The  various  cones  are  accumulated  from  their 
material  erupted,  and  fn  no  other  way.  ^     ,, 

On  the  eastern  side  of  the  straits  of  Kertch,  and,  ■yyi^thin 
■tlie  peninsula  of  Taman,  there  is  an  extensive  group  of  Cjomcal 
JiiUs  of  marl  and  mud,  due  to  the  issue  of  mud  under  cirejiim-r 
stances  identical  with  those  just  described.  They  occupy  an 
^rea  of  many  square  mUes. 

.We  owe  to  Pallas  a  detailed  account  of  an  eruption  that 
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took  place  in  this  peninsula  towards  the  close  of  the  last  cen- 
tury. This  eruption  resulted  in  the  formation  of  a  large 
conical  hill  visible  from  Kertch,  which  is  about  fourteen  miles 
distant^  and  a  prominent  object  to  vessels  passing  through  the 
'Straits.  The  cone  is  now  much  weathered.  It  consists  of 
clay,  with  small  angular  lumps  of  limestone  and  small  frag- 
ments of  earthy  oxide  of  iron.  There  is  a  depression  or 
«rater  at  the  top.     The  height  is  about  350  feet. 

Several  miles  from  this  old  cone,  towards  the  east,  is  a  re- 
markable group  of  mud  volcanoes  at  present  (1865)  in  activity. 
There  are  four  of  large  size,  all  erupting  mud.  These  hills  are 
About  the  same  height  as  that  described  by  Pallas,  and  form  a 
considerable  group.  Like  the  others,  their  slopes  contain 
numerous  fragments  of  iron  oidde.  A  ridge,  some  miles  long, 
behind  and  near  the  village  of  Taman,  is  also  entirely  formed 
of  erupted  mud ;  but  these  mud  hiUs  are  detached  from  thd 
;groap  just  described.  Indications  of  mud  volcanoes  extend 
«astwards  beueath  the  Caucasus  to  the  Caspian^  and  west- 
wards towards  and  into  the  Putrid  Sea,  so  that  the  belt  of 
'Country  characterised  by  these  phenomena  on  the  southern 
-slopes  of  the  Caucasus  is  almost  unbroken.  It  extends  across 
the  low  fiat  plains  of  the  south  of  Eussia  to  a  very  great  dis- 
tance, and  is  everywhere  marked  by  the  same  peculiar  condi- 
tion, and  with  similar  proofs  of  communication  with  the  in- 
terior of  the  earth.  The  distances  referred  to  are  roughly  as 
follows : — From  the  eastern  Caspian  to  Teflis,  about  500  miles 
-with  various  connecting  links.  From  Teflis  to  Anapa,  nearly 
400  miles  'without  such  links.  From  Anapa  to  the  Putrid 
Sea,  unquestionably  connected  by  similar  phenomena,  200 
miles. 

Crossing  a  large  part  of  eastern  Europe  'we  do  not  again 
meet  with  distinct  indications  of  mud  volcanoes  till  we  reach 
North  Italy,  where  there  are  some  well-known  and  remarkable 
-examples  at  Sassuola  and  elsewhere,  on  the  northern  slopes 
«f  the  Apennines,  in  the  provinces  of  Modena  and  Parma. 
These  have  exhibited  all  the  phenomena  above  described 
within  the  last  century,  and  they  are  also  described  in  classi- 
<»!  works.  From  one  of  these  there  have  been  eruptions  of 
solid  matter,  and  even  of  lignite.  On  the  other  side  of  the 
Apennines  the  boracic  springs  near  Yolterra  are  of  the  same 
nature,  but  true  active  mud  volcanoes  have  not  been  found 
between  this  and  Sicily.    There,  both  on  the  slopes  of  Etna 
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and  near  the  southern  coast  at  Girgenti,  they  recur  with  the 
tiBual  characteristics. 

From  the  Caspian  Sea,  eastwards^  at  various  places  on  the 
northern  slopes  of  the  Himalayan  chain,  and  so  into  China, 
mud  volcanoes  have  been  noticed.  They  appear  to  exist  on  a 
very  large  scale  in  Java.  They  belong  also  to  the  volcanic 
'System  of  the  new  world,  where  the  Mexican  examples  are 
recent  and  very  extensive,  the  phenomena  being  nearly  the 
same  as  those  described.  The  .most  remarkable  and  instruc- 
tive of  those  that  have  been  less  prominently  referred  to  by 
geological  writers  are  those  in  Trinidad,  others  occurring  in. 
<]alifomia,  and  some  in  Iceland. 

On  the  whole,  then,  it  may  be  concluded  that  mud  vol- 
canoes represent  in  a  very  striking  manner  the  declining  stage 
3  of  volcanic  activity,  but  they  do  so  under  conditions  which  are 
not  by  any  means  universal.  There  are  many  volcanic  dis- 
tricts where  there  does  not  seem  anything  of  the  kind ;  many, 
where  hot  water  alone  or  thermal  mineral  springs  are  ejected, 
others  where  there  are  special  minerals,  as  borax,  in  excep- 
tional abundance.  True  mud  of  the  ordinary  kind  may  be 
erupted,  thin  or  thick,  with  or  without  foreign  substances,  and 
at  temperatures  varying  between  a  heat  much  exceeding  the 
boiling  point  of  water  and  the  equivalent  of  the  mean  annual 
temperature  of  the  district.  The  phenomena,  also,  though 
they  vary  in  detaUs,  are  on  the  whole  constant  in  their  nature 
and  in  the  order  of  their  occurrence.  The  eruption  may  be 
described  as  commencing  with  heated  water  and  gases,  occa- 
sionally accompanied  by  mud,  and  even  considerable  frag- 
ments of  rock.  The  eruptive  force  exerted  being  compara- 
tively small,  the  result  in  this  respect  is  also  small ;  but,  as  in 
other  volcanic  districts,  the  force  exhibits  itself  by  forming 
crevices  in  the  earth,  along  certain  lines  of  least  resistance. 
In  mud  volca.noes  the  steam  issuing  from  the  crevices  has 
been  condensed  into  water  before  it  reaches  the  surface.  The 
erupted  water  also  brings  with  it  such  earthy  substances  as  it 
meets  on  its  way,  and  thus  mud,  more  or  less  thick,  issues 
from  the  crevice  instead  of  lava.  With  regard  to  the  carbonic 
acid  and  other  gases,  the  thin  mud  allows  of  their  passage  to 
the  surface  in  bubbles. 

If  we  duly  consider  the  mode  of  distribution  of  volcanoes 
on  the  earth's  surface  it  is  impossible  not  to  be  struck  with. 
the  &ct,  that  almost  all  indications  of  recent  volcanic  activity 
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are  to  be  found  either  along  certain  lines  of  coast  or  in  islands 
of  moderate  size.  All  the  vast  areas  of  the  interior  of  the 
great  continents — ^with  the  exception  already  alluded  to  in 
the  case  of  Asia— (a  very  small  exception  in  so  large  an  area) 
are  so  near  the  sea  as  to  suggest  an  explanation  of  the  phe- 
nomena that  shall  have  reference  to  crater.  Without  theo- 
rising on  the  matter  we  may  point  out  that,  while  on  the  one 
hand  the  ready  access  of  water  from  the  sea  to  those  vast 
cavities  in  the  interior  of  the  earth  with  which  volcanoes  com- 
municate, may  excite  chemical  action,  and  supply  the  steam 
and  water  so  abundantly  given  off;  so,  on  the  other  hand,  the 
volcanoes  may  be  near  the  sea,  merely  because  those  lines 
■which  limit  continents  may  also  be  those  of  fracture,  and  may 
well  be  supposed  to  open  a  communication  with  the  interior. 
According  to  this  view  the  water  needed  for  the  steam  erupted 
may  be  derived  from  infiltration  from  the  rocks  that  form  the 
land  as  well  as  those  under  the  sea.  The  direct  access  of 
sea- water  in  its  normal  state  is  improbable,  inasmuch  as  the 
sea-water  would  become  to  some  extent  filtered  in  passing 
through  rooks.  On  the  other  hand,  some  at  least  of  the  con- 
tents of  sea-water,  especially  common  salt,  are  not  uncom- 
monly to  be  found  either  in  the  substance  of  lavas,  or  in  the 
fissures  of  lava  through  which  gases  pass. 

That  volcanoes  are  connected  with  terrestrial  phenomena 
of  a  very  recent  date  and  with  what  goes  on  daily  on  and 
beneath  the  immediate  surface,  is  evident  from  the  nature  of 
the  material  erupted.  More  than  once,  minute  organic  bodies 
have  been  found  in  volcanic  dust, — this  dust  being  nothing 
more  than  the  very  minute  fragments  of  the  matter  seat  out 
from  within  a  crater.  Such  fragments  are  of  course  confined 
to  those  bodies  which,  like  silica,  may  undergo  long  exposure 
to  great  heat  without  change.  They  are  siliceous  spicules  and 
the  cases  or  cells  connected  with  the  most  simple  forms  of 
life.  But  they  are  present  in  abundance.  Earthy  calcareous 
matter  is  also  not  unfrequently  found  entangled  with  the  scorise, 
or  ashes  of  volcanoes.  Charcoal  has  been  erupted  from  mud 
volcanoes. 

There  has  been  much  difference  of  opinion  as  to  the  me- 
chanical  origin  of  volcanoes.  A.  Von  Humboldt,  Von  Buoh,. 
with  many  very  eminent  and  intelligent  observers,  have  in- 
sisted on  discovering  proofs,  in  various  instances,  of  some  up- 
heaving force  thrusting  up  a  portion  of  the  earth's  crust  in  at. 
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"dome  shape,  and  continuing  this  till  a  considerable  hill  was 
%rmed  as  a  nucleus,  round  and  upon  which  the  subsequent 
volcanic  products  have  been  collected.  Others,  among  whom 
■we  may  name  Sir  Charles  Lyell,  Mr.  Poulett  Scrope  and 
Mr.  Darwin,  all  very  familiar  with  such  phenomena,  believe 
that  volcanic  cones  consist  of  the  matter  erupted,  heaped 
round  the  place  of  eruption,  and  are  quite  independent  of  any 
upheaval.  The  special  case  quoted, by  Humboldt, — that  of 
JoruUo,  in  Mexico,  is  now  believed  to  afford  evidence  altogether 
opposed  to  the  view  advocated  by  the  great  geographer,  and 
the  weight  of  facts  seems  much  in  favour  of  this  latter  theory, 
■which  is  also  more  in  accordance  with  the  non-sensational  g«> 
logy  of  the  present  day.  This  is,  however,  rather  a  matter  ot 
discussion  for  the  geologist  than  the  physical  geographer. 

Besides  the  volcanoes  that  are  still  in  au  active  state,  those 
which  have  been  known  to  erupt  within  the  limits  of  human 
history,  and  those  of  which  there  is  independent  evidence  that 
they  belong  to  the  existing  period,  though  no  records  exist, 
there  are  many  parts  of  the  world  where  there  is  proof  of  vol- 
canic activity,  though  there  remam  no  volcanoes  from  which  the 
eruptions  have  issued.  There  are  other  districts  where  vol- 
canic cones  and  craters  exist,  where  ashes  are  heaped,  and 
where  currents  of  lava  have  once  flowed  over  the  broken  walls 
of  depressions  still  traceable,  but  where  all  is  now  silent,  and 
which  are  far  removed  from  any  of  those  districts  that  belong 
to  either  groups  or  linear  systems  of  volcanic  influence.  Such 
calm  and  ,dead  volcanic  cones  ai'e  regarded  as  extinct,  and 
experience  would  seem  to  show  that  the  strength  of  subter- 
ranean action  has  there  become  gradually  dissipated.  This  is 
not  so  much  due  to  an  increased  resisting  power  derived  from 
increasing  deposits  as  to  a  wearing  out  and  exhaustion  of  the 
material,  or  perhaps  to  a  cessation  in  that  place  of  the  action 
of  the  forces  that  produce  volcanic  phenomena. 

Among  the  most  remarkable  instances  of  these  extinct  vol- 
canoes, we  may  first  mention  a  group  often  described,  and. 
sometimes  believed  to  have  been  in  activity  in  comparatively 
recent  times.  We  mean  the  volcanoes  of  Auvergne,  in  Central 
France.  A  large  number  of  volcanic  cones  and  craters  are  to' 
be  found  here  ;  —the  cones  are  composed  of  scoriae  ;  the  craters 
are  still  to  be  measured  and  examined,  except  where  they  are 
filled  with  water  and  converted  into  pools ;  aud  floods  of  ancient 
lava  are  still  to  be  seen    precisely  identical  with  those  that 
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were  poured  out  from  Vesuvius  or  Etna  a  few  years  since. 
No  one,  visiting  the  country,  can  for  a  moment  doubt  that  h» 
is  in  a  volcanic  district,  though  the  fact  that  there  has  been  no- 
volcanic  disturbance  since  the  country  was  settled,  is  also- 
certain.  On  the  north-east  coast  of  Spain,  there  is  another 
equally  well  marked  example  of  extinct  volcanoes.  Within  a- 
comparatively  small  area  a  number  of  cones  and  craters,  with 
currents  of  ancient  lava,  may  be  traced,  and  the  country  around: 
bears  marks  of  having  been  subjected  to  subterraneous  distur- 
bance. Other  examples  of  a  similar  nature  are  known  on  the- 
banks  of  the  Rhine,  near  Bonn,  and  others  in  the  interior  of 
Germany.  But  nothing  of  the  kind  has  been  described  iai 
many  wide  tracts  of  land,  far  removed  from  the  ocean,  in  which,- 
also,  there  are  no  modem  volcanoes.  In  such  countries,  if 
indications  of  volcanic  action  exist  at  all,  they  consist  in  beds 
of  lava,  often  of  considerable  thickness,  but  spread  out  as  if 
under  the  pressure  of  a  heavy  column  of  water,  and  with  no- 
appearance  of  volcanic  cone  or  crater. 

Volcanoes,  whether  in  groups  or  on  an  extended  lineal 
axis,  appear  to  have  certain  relations  with  one  another.  The 
activity  of  one  volcano  is  almost  of  itself  proof  that  no  adjar 
cent  one  will  be  other  than  dormant.  In  the  Andes,  where 
the  line  of  energetic  activity  is  very  long,  this  has  been  most 
strikingly  shown,  and  strong  proof  is  thus  afforded  of  the 
really  partial  and  local  character  of  all  phenomena  of  this 
kind.*  The  cavities  in  which  that  chemical  action  takes 
place,  which  results  in  the  melting  of  rocks  and  the  formation, 
of  that  peculiar  mineral  glass  or  slag  we  call  lava,  may  be 
very  large,  extending  for  hundreds,  or  even  thousands  of  miles, 
and  they  must  be  many  thousand  yards  beneath  the  surface, 
at  least  in  some  cases.  Their  breadth,  however,  need  not  be- 
great,  and  thus  their  area  may  be  a  very  small  fraction  indeed 
of  the  whole  surface  of  the  earth.  Each  group  may  be  inde- 
pendent, and  the  depth  or  distance  from  the  surface  may  be 
altogether  different,  even  in  the  nearest  adjoining  groups.  It 
is  only  by  conceiving  this  peculiar  state  of  the  earth's  interior 
that  we  can  at  all  explain  the  phenomena  of  volcanoes.  Im- 
portant they  may  be,  and  no  doubt  are,  in  the  districts  where 
they  exist,  but  it  is  hardly  likely  that  they  have  much  to  do 

*  In  the  eruptiou  that  took  place  recently  at  Hawaii,  the  great  crater 
of  Kilauea,  filled  with  extremely  fluid  lava,  does  not  appear  to  have  been' 
affected  by  the  eruption  at  Mauna  hoa,  at  •  distance  of  20  miles. 
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viith  the  original  upheaval  of  continents,  or  the  determination 
of  the  form  and  distribution  of  the  great  masses  of  land  on  thft 
globe.  They  are,  however,  connected  with  earthquakes,  and 
in  the  next  chapter  we  shall  sec  in  how  singular  a  mannel 
these  violent  undulations  of  the  earth's  crust  originate  in  cavi- 
ties whence  volcanic  eruptions  issue,  although  their  effects  are 
felt  at  enormous  distances,  even  &om  the  outermost  verge  of 
any  district  showing  marks  of  volcanic  energy. 

Some  curious  results  are  obtained  by  tabulating  the  dates  of 
volcanic  eruptions,  in  the  case  of  volcanoes  so  well  observed  as 
Etna  and  Vesuvius.  Dr.  Daubeney  has  shown  that  during  300 
years,  during  which  the  months  of  eruptions  are  recorded,  in 
one  half  of  the  year,  from  February  to  July  inclusive,  there 
were  21  eruptions,  out  of  a  total  of  33  recorded ;  the  other 
six  months  having  only  12.  On  the  other  hand,  at  Vesuvius, 
there  were  37  eruptions  between  August  and  January,  out  of  a 
total  of  63,  the  remainder  27  being  the  number  in  the  other 
six  months.  Of  these,  8  were  in  July  and  none  in  January. 
Thus,  the  winter  months  are  those  of  chief  Etna  eruption,  and 
the  summer  months  those  of  chief  Vesuvius  eruption.  The 
maximum  of  earthquakes  in  the  district  is  the  winter  season, 
which  is  also  the  rainy  season. 

Sir  W.  Hamilton,  who  was  familiar  with  the  district,  quotes 
a  local  opinion  to  the  effect  that  Vesuvius'  eruptions  lull  at 
noon  and  midnight.  Prof.  Palmieri,  a  competent  observer, 
has  recently  expressed  an  opinion,  that  there  are  periods  of 
TniiTirna  and  minima  of  eruptive  energy  during  an  eruption, 
bat  that  these  are  retarded  as  the  eruption  advances. 


CHAPTER   XVII. 

BAETHQTJAKES. 

While  volcanoes  afford  visible  proofs  of  the  activity  of  chemical 
forces  within  certain  portions  of  the  interior  of  the  earth,  and 
suggest  that  there  must  be  large  cavities,  continuing  at  inter- 
vals, and  in  some  broken  and  interrupted  way  connected  forhim- 
Jreds  or  even  thousands  of  miles,  it  is  well  known  that  wide  tracts 
of  the  earth,  not  only  near  volcanoes,  but  far  removed  to  all  ap- 
pearance from  their  influence,  are  subjected  to  vibrations,  more 
or  less  severe,  of  the  actual  crust  of  the  earth.  That  these 
vibrations,  or  earthquakes,  are  in  many  cases  very  clearly  con- 
nected wdth  volcanoes — that  diey  precede  and  accompany  vol- 
canic eruptions — and  that  the  cessation  of  ordinary  volcanic 
action  is  very  generally  succeeded,  after  a  longer  or  shorter 
interval,  by  an  earthquake, — there  is  no  doubt.  On  the  other 
hand,  it  is  equally  certain  that  earthquakes  sometimes  originate^ 
and  are  chiefly  felt,  in  others  have  been  exclusively  confined  to, 
countries  where  there  are  no  volcanoes,  and  where  all  varieties 
of  volcanic  rock  are  absent.  They  are,  therefore,  phenomena 
that  require  separate  consideration,  and  what  we  can  learn 
conceniing  them  may  help  to  suggest  something  concerning 
the  condition  of  the  interior  of  the  earth,  as  well  as  an  explana- 
tion of  the  phenomena  themselves. 

The  connection  of  earthquakes  with  volcanoes  in  volcanic 
districts  is  clear  and  unmisteikeable.  In  the  European  group 
history  is  eloquent  in  illustrations.  The  neighbourhoods  of 
Etna  and  Vesuvius  have  suffered  from  time  to  time  from  severe 
shocks,  which  are  regarded  as  the  precursors  of  eruptions. 
The  singular  volcano  of  Stromboli  had  a  brief  interval  of  re- 
pose from  its  almost  incessant  activity  immediately  before  a 
series  of  severe  earthquakes,  that  disturbed  the  whole  country 
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around,  in  the  year  1783.    For  a  long  time  tte  volcano  of 
Pasto,  in  Peru,  had  continued  to  emit  a  dense  black  smoke 
'from  its  crater.   This  ceased  for  a  time,  and  the  terrible  earth- 
quake of  Rio  Bamba  occurred,  during  which  forty  thousand 
■|i:nsons  perished.     A  remarkable  instance,  perhaps  the  most 
•  icniarkable  on  record,  took  place  in  the  years  1811  and  1812, 
•showing  a  subterraneous  connection  beneath  the  bed  of  the 
Atlantic  between  the  European  and  central  American  lines  of 
'volcanic  action.      In  the  year  1811  an  island  arose  in  the 
Atlantic,  from  about  120  feet  of  water,  amongst  the  Azores, 
the  rise  of  the  island  being  accompanied  by  violent  earthquakes 
and  eruptions  of  smoke  and  flame.     Commencing  about  the 
same  time,  there  were  severe  shocks  in  the  island  of  St.  Vin- 
cent, near  one  of  the  most  active  volcanoes  of  the  West  Indian 
group,  which  had  not  erupted  for  about  a  century.     These 
shocks  extended  also  through  the  Mississippi  valley,  and  were 
widely  felt  in  North  America.    In  December,  1811,  and  March, 
1812,  severe  earthquakes  were  experienced  in  the  Garaccas, 
the  shocks  in  both  cases  continuing  for  some  days,  and  ending 
with  the  destruction  of  the  city.     As  a  termination  to  tliese 
disturbances,  the  volcano  of  St.  Vincent,  after  a  long  interval 
of  repose,  burst  out  with  a  tremendous  explosion,  and  continued 
to  erupt  for  a  long  time,  during  which  there  were  no  more 
earthquakes  within  the  area  formerly  disturbed.     Numerous 
,e.xamples  of  the  same  kind  might  be  given,  and  we  may  regard 
it  as  an  established  fact,  that  whatever  be  the  cause  of  earth- 
quakes, and  however  the  active  energy  of  chemical  forces  and 
beat  may  act  in  the  interior  of  the  earth  to  produce  volcanic 
eruptions,  there  is  in  so  far  a  relation  between  them  that  the 
same  force  which  at  one  time  is  only  enabled  to  produce  a 
concussion  and  vibration,  by  something  of  the  nature  of  an 
«\plosidn,  becomes  at  length  powerful  enough  to  rend  asunder 
•tdie  thick  coating  of  rock  that  forms  the  roof  of  the  cavern  in 
"which  the  force  acts,  and  continuous  enough  to  force  up  a  con- 
tinuous stream  of  molten  rock  for  weeks,  together. 
-  :An  earthquake  is  the  result  of  a  vibration  or  concussion 
produced  within  the  earth  by  some  explosive  force.     It  must 
<Jriginate  in  a  comparatively  small  area,  and  the  chief  force  of 
the  explosion  must  expend  itself  in  that  area.     The  area  dis- 
turbed may  be  one  of  a  series  of  cavities  having  great  linear 
Extension,  or  it  may  be  part  of  a  large  district  of  any  form,  in 
which  are  numerous  cavities  or  spaces  more  or  less  isolated. 


The  explosion  may  be  single,  or  it  may  be  repeated  many  timeSi 
Tt.  may  be  very  sudden  and  rapid,  and  of  extreme  violence,  or 
it  may  be  less  rapid,  and  the  force  produced  may  tend  more 
towards  upheaval  than  fracture.  The  force,  however,  must  act 
in  a  way  not  unlike  that  of  gunpowder  exploded  in  a  mine,  or 
steam  bursting  a  boiler ;  and  the  comparisons  drawn  from  such 
instances  are  found  to  be — as  might  be  expected — both  BUgges- 
tive  and  explanatory. 

Where  they  are  felt  at  the  earth's  surface,  earthquakes  ara- 
of  three  kinds, — undulatory,  perpendicular,  and  horizontal ;. 
the  latter  frequently  appearing  to  be  rotatory  or  vorticose. 
The  first  are  the  most  common,  and  the  least  mischievous  ; 
the  second,  much  more  rare,  and  far  more  destructive.  The 
third  are  altogether  exceptional ;  but  when  they  occur  in  the- 
neighbourhood  of  towns,  they  are  altogether  unparalleled  in. 
the  disastrous  catastrophes  and  the  appaUiug  loss  of  life  that 
accompany  them.  The  first  are  mere  undulations,  heaving  the 
ground  at  any  one  place  upwards  and  sinking  it  downwards, 
and  producing  the  same,  or  nearly  the  same,  result  at  a  vast 
number  of  places  along  a  certain  definite  course  on  the  earth's- 
surface.  The  second  resemble  the  explosion  of  a  mine ;  they 
consist  of  a  sudden  upheaval — a  thrust  upwards — but  with  no- 
undulation.  The  third  are  complicated,  including  a  direct  and 
sudden  upheaval,  with  an  advancing  wave,  and  ttiis  complicar 
tion  produces  a  mixed  motion,  hke  that  of  a  steamer  advancing 
through  a  cross  sea. 

The  destruction  to  human  life  caused  by  the  greater  earth- 
quakes is  very  serious.  Upwards  of  60,000  persons  perished 
diuing  the  great  earthquake  of  Lisbon,  in  November,  1756 ; 
but  in  this  case  the  chief  mischief  was  caused  by  a  high  wave, 
produced  no  doubt  by  the  earthquake,  but  coming  in  from  the 
sea.  By  an  earthquake  in  Mexico  10,000  persons  perished. 
In  Calabria  40,000.  In  Syria,  on  one  occasion,  50,000.  lit 
the  same  country,  in  the  time  of  Tiberius,  a.d.  19,  it  is  con- 
sidered that  1 20,000  persons  were  destroyed.  In  the  year  526j 
250,000  are  said  to  have  perished  at  Antioch  ;  and  seventy-six 
years  afterwards  a  second  earthquake  destroyed  60,000.  At 
Messina,  in  1692,  as  mauy  as  74,000  persons  perished;  and) 
at  Quito,  in  1797,  40,000  victims  were  sacrificed  to  this  ter- 
rible agent.  Lastly,  at  Mendoza,  not  very  long  ago,  the  whole 
city  was  destroyed,  and  the  loss  of  life  was  estimated  at 
60,000.     On  the  whole,  it  is  not  too  much  to  assert  that  se- 
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veral  millions  of  human  beings  have  been  suddenly  swallowed- 
up  in  this  way  within  the  last  four  thousand  years ;  and  it 
cannot  be  supposed  that  animals  and  vegetation  have  escaped 
*  proportionate  destruction. 

It  cannot,  then,  be  thought  extraordinary  that  the  pheno- 
mena of  earthquakes  are  exceedingly  striking,  and  in  the  high- 
est degree  alarming  to  all  living  beings.  Domesticated  as  well 
as  wild  animals,  the  birds  of  the  air  and  the  fishes  of  the  sea — 
all  seem  alike  terrified;  and  all,  with  man  himself,  civilised 
and  uncivihsed,  become  deeply  afiected  when  the  larger  earth- 
quakes take  place.  Nor  does  frequent  repetition  of  these 
convulsions  in  any  district  render  those  exposed  to  them  care- 
less or  indifferent.  On  the  contrary,  the  more  frequent  they 
are  the  more  alarmed  do  people  become.  It  is  not  easy  to  ex- 
plain this,  but  it  is  a  notorious  fact ;  and  a  brief  account  of 
the  sensations  and  mechanical  acbompaniments  is  necessary 
to  familiarise  the  reader,  who  has  had  no  experience  of  a  seri- 
ous convulsion,  with  the  nature  of  the  case. 

Earthquakes  are  sometimes  preceded  or  accompanied .  by  ar 
peculiar  state  of  the  air  and  weather,  by  rolling,  detonating, 
and  other  noises,  and  by  marked  electrical  phenomena.  But 
these  cannot  be  regarded  as  essential  or  necessary,  though  the 
observations  that  include  careful  records  of  all  these  matters 
are  both  interesting  and  valuable.  The  kind  of  noise  that 
occurs  is  different  in  different  places.  Sometimes  it  is  a  roll- 
ing, rumbling  sound,  like  the  moving  of  heavily- loaded  waggons 
over  a  hard  road — sometimes  it  is  like  the  clinking  of  chains  — 
sometimes  it  resembles  thunder  close  at  hand — and  now  and 
then  it  has  been  described  as  clear  and  ringing,  as  if  obsidiaa 
or  other  vitrified  masses  clashed  together,  or  were  shattered  in 
subterranean  cavities.  The  imagination  is  so  apt  to  exaggerate 
sounds  of  this  kind,  and  to  discover  fanciful  resemblances  that 
have  little  foundation  in  fact,  that  we  can  hardly  accept  all, 
these  descriptions.  It  is  recorded,  on  the  other  hand,  that  oa 
one  occasion,  in  the  Caraccas,  a  noise  resembling  thunder  was 
heard  nearly  at  the  same  time  over  an  area  of  40,000  square 
miles,  without  this  noise  being  followed  by  an  earthquake.  At' 
this  time  the  volcano  of  Cotopaxi,  more  than  400  miles  distant, 
was  commencing  an  eruption.  It  is  also  said,  that  at  the 
great  eruption  of  Cotopaxi,  in  1744,  subterranean  noises,  re- 
resembling  the  firing  of  artillery,  were  propagated  through 
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the  earth  without  earthquake  for  a  distance  of  more  than  -100 
miles. 

It  is  often  the  case,  that  a  multitude  of  minute  vibrations 
mark  the  main  direction  of  some  axis  of  disturbance,  better 
than  the  observations  made  where  earthqiiakes  are  much  more 
severe. 

The  distribution  of  earthquakes  in  space  is  by  no  means  iden- 
tical with  the  distribution  of  volcanoes.  It  is  not,  indeed,  so 
easily  to  be  estimated,  nor  can  it  be  so  well  described,  for  the 
actual  point  at  which  an  earth  vibration  commences, — that 
at  which  the  explosive  movement  takes  place, — cannot  always 
be  determined.  It  is  sometimes  beneath  the  sea.  It  is  some- 
times in  parts  of  the  earth  beyond  the  range  of  civilisation, 
rarely  visited  and  little  known.  And  the  area  of  disturbance 
is  often  quite  unknown.  As  the  earthquake,  moreover,  leaves 
little  or  no  mark  behind  it,  and  is  in  this  respect  altogether 
unlike  the  volcano,  it  is  evident  that  where  no  observation  has 
been  recorded  at  the  moment  the  evidence  is  lost  for  ever.  On 
the  other  hand,  earthquakes  are  much  more  widely  felt  and 
more  numerous  than  volcanic  eruptions. 

In  estimating  the  importance  of  an  earthquake,  many  things 
must  be  taken  into  consideration.  The  intensity  of  the  shock 
at  a  given  place  may  be  very  great,  but  the  area  over  which  it 
is  felt  comparatively  small.  A  multitude  of  smaller  shocks 
may  occur  in  one  place  ;  a  few  smart  shocks  at  another.  As 
a  rough  approximation  it  may  be  estimated  that  the  areas  dis- 
turbed in  the  case  of  great  earthquakes  are  circles,  or  ellipses, 
whose  diameters  or  longer  axes  measure  from  1,000  to  1,'200 
miles.  These  are  rare  ;  perhaps  not  usually  occurring  more 
than  once  or  twice  in  a  century,  over  the  whole  earth.  Other 
and  smaller  earthquakes,  which  we  may  describe  as  of  the 
second  class,  affect  areas  not  exceeding  500  miles  in  diameter, 
and  are  far  more  common.  Others,  again,  are  not  felt  more 
than  100  or  150  miles,  and  may  also  be  regarded  as  local. 
These  form  a  third  class.  It  must  be  understood,  that  while 
thus,  for  convenience,  grouping  the  earthquakes  whose  limits 
are  known,  there  is  no  veal  division  in  nature,  nor  is  it  always 
possible  to  decide  to  which  class  any  particular  earthquake  may 
belong.  Of  the  first  class,  the  great  Lisbon  earthquake  of 
1755  may  be  taken  as  an  example.  Of  the  second,  examples 
are  frequent  in  the  Mediterranean  basin.  Of  the  third,  there 
are  instances  not  nnfrequently  in  our  own  islands. 
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Although  the  limits  of  an  earthquake  are  theoretically  inde- 
terminate, there  is  a  practical  limit,  measured  by  the  senses, 
■which  must  always  he  recognised.  This  Umit  depends  not  a 
little  on  the  nature  of  the  rocks  through  which  the  shock  or 
vibration  passes,  and  thus,  from  a  central  point,  the  vibrations 
are  felt  at  very  different  distances  in  different  directions. 
Looking  at  the  matter  in  this  light,  we  may  obtain  a  notion  of" 
the  distribution  of  earthquake  action,  or  at  least  of  the  direc- 
tions which  earthquakes  seem  to  take,  and  of  the  connected 
points  of  earthquake  centres.  These,  as  might  be  expected, 
are  somewhat  influenced  by  the  line  of  mountain  and  valley  in 
a  great  continent. 

Commencing  with  the  north-eastern  shores  and  islands  o{> 
the  Atlantic,  there  is  a  belt  of  weak  earthquake  action  that 
includes  Iceland,  Faroe,  Shetland,  the  south-west  coast  of 
Norway,  nearly  as  far  as  Christiania.  This  band  possibly  ex- 
tends to  Greenland  and  Jan  Meyen,  but  the  earthquake  his- 
tory of  this  pait  of  the  world  is  not  known.  Another  band 
extends  north-west  from  the  lakes  of  Swedet  into  Eussiaa 
Lapland,  and  perhaps  to  the  Dovre  fjeld  mountains.  An  im- 
portant band  in  the  south  of  Europe  stretches  from  Portugal 
to  the  Azores,  and  is  connected  with  a  band  through  the 
Canaries  and  Madeira,  and  again  with  the  Barbary  coast  and 
Morocco. 

From  Tunis,  on  the  Mediterranean  shores  of  Africa,  a  nar- 
row band  of  intense  disturbance  stretches  through  Sicily  and 
Italy,  sends  off  a  spur  to  the  west,  through  the  Piedmontese 
Alps  and  southern  France,  along  the  whole  line  of  the 
Pyrenees,  to  the  northern  coast  of  Spain,  and  widening  out 
over  the  central  Alps,  covering  a  large  part  of  central  southern 
Europe,  extending  east  and  west  from  Lyons  to  Vienna,  and 
though  narrowing  towards  Strasburg,  rpaching  northwards  over 
the  whole  Rhenish  system,  and  d3'ing  out  in  the  plains  of 
Holland,  where  small  earthquakes  are  not  unknown.  An  im- 
perfect belt  connects  the  British  Islands,  western  France,  and 
the  Channel  Islands  with  both  these  areas,  and  is  occasionally 
affected  by  earthquakes,  almost  entirely  of  the  third  class. 

Much  obscurity  exists  as  to  the  extent  of  earthquake  action 
in  the  Carpathians  and  Balkan  range.  The  small  population, 
and  the  absence  of  intelligent  observers  in  those  d^tricts  are- 
very  unfavourable  to  observations,  but  Poland  and  the  Vistula 
TOlley  to  Riga  are  disturbed,  and  both  the  Austrian  Alps  and 
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'"the  vicinity  of  Constantinople  are  so  frequently  shaken,  that  it 
is  probable  there  are  many  more  earthquakes  in  those  districts 
than  have  been  recorded.  A  broad  band  of  earthquake  action 
extends  also  from  the  Greek  Archipelego  to  Constantinople, 
extending  through  Asia  Minor  and  Palestine,  and  reaching  the 
■ralley  of  the  Lower  Nile,  the  shores  of  the  Red  Sea,  and 
further  south  in  Arabia.  From  the  Gulf  of  Scanderoon,  by 
Aleppo  and  Mosul,  to  Lake  Van,  and  the  south  of  Ararat  to 
Shirvan  and  Baku,  on  the  Caspian,  there  is  another  wide  and 
■energetic  band,  probably  joining  the  Caucasus,  and  connected 
with  the  occasionally  disturbed  districts  of  the  OunJ.  There 
axe  other  bands  not  less  important,  but  ill-defined,  connecting 
Persia  and  India,  and  connecting  with  the  well-known  and 
■  energetic  line  of  disturbances  in  Northern  India.  This  latter 
band,  bounded  on  the  north  by  the  Himalayan  chain,  ranges 
nearly  parallel  to  it,  from  Cabool  to  Calcutta,  and  the  Gulf  of 
'Cutch.  We  have  also  a  greatly  disturbed  but  unknown  area  in 
Central  Asia,  reaching,  in  China,  to  Pekin  and  Canton,  and 
this  connects  with  the  most  formidable  earthquake  and  volcanic 
■region  on  the  globe.  "  Stretching  in  a  vast  horse-shoe  convex 
to  the  south,  from  Burmah  and  Pegu,  and  surrounding  the 
great  island  of  Borneo,  with  an  intervening  belt  of  sea,  and 
reaching  round  to  Formosa,  on  the  north-west,  we  have  an 
almost  continuous  girdle  of  volcanoes  and  lofty  mountains. 
Every  island  of  the  group,  including  Java  and  Sumatra,  Cele- 
bes and  Mindanao,  is  shaken  with  earthquakes,  the  most  for- 
■midable  and  frequent,  and  we  can  point  to  no  spots  upon  the 
■whole  earth's  surface  upon  which  seismic  energy  is  exhibited 
'with  an  intensity  equal  to  that  of  Luzon  and  Sumbawa.'* 

To  the  north  of  this  remarkable  district  «->  have  bands  of 
■active  earthquake  movement,  reaching  fiflm  Japan  through 
(the  Kurile  islands,  to  Kamtchatka ;  and  on  the  opposite  shores 
of  the  Pacific  are  those  of  the  Rocky  Mountains  and  California, 
-Mexico  and  the  South  American  Andes,  whose  influence  is 
felt  on  the  oceanic,  rather  than  the  land  side  of  the  chain, 
owing  to  the  compression  of  the  mass  of  the  land  checking  tho 
wave.  This  South  American  band  extends  into  the  Gulf  of 
Mexico,  and  connects  itself  with  the  band  affecting  the  West 

•  See  Mr.  Mallet's  "Eeport  on  the  Facts  and  Theoiy  of  Earthqnalu 
Movements."  Final  Seport  in  British  Association  Seports  for  1858. 
To  the  general  conclusions  in  this  Beport  we  are  chiefly  indebted  for 
this  account  of  the  distribution  of  earthquakes  in  space  and  time. 
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Indian  islands.  Besides  the  areas  already  alluded  to,  fhe  val- 
leys of  the  Missouri  and  Mississippi,  and  the  northern  lakes 
and  valley  of  St.  Lawrence,  are  all  occasionally  exposed  to  dis- 
turbances, chiefly  or  entirely  of  the  third  class. 

There  is  a  small  earthquake  band  affecting  Western  Austr»- 
iia,  and  probably  reaching  Van  Diemen's  Laud.  The  interior 
of  Australia  and  the  continent  of  Africa  are  believed  to  be  veiy 
'little  subject  to  earthquake  movements,  but  these,  as  vrell  aa 
very  large  portions  of  Asia  and  South  America,  are  too  little 
known  to  enable  us  to  give  a  very  decided  opinion  on  this 
point.  It  must  also  long  be  doubtful  whether,  and  if  any, 
what  lines  or  belts  of  earthquake  activity  exist  in  those  large 
Tegions  that  are  covered  by  the  sea,  and  only  traversed  occa- 
sionally by  ships.  It  is  considered  probable  that  there  are 
fewer  earthquakes  in  a  given  area  covered  by  the  sea,  than  on 
land  above  the  sea  level. 

Generalising  these  groups  of  facts  it  may  be  remarked, 
(1).  That  there  seems  a  preponderance  of  earthquake  action  in 
the  temperate  and  torrid  zones  on  both  sides  of  the  equator, 
but  the  observations  in  the  Antarctic  high  latitudes  are  too 
imperfect  to  render  this  at  all  certain.  (2).  That  bands  of 
-superficial  distribution  exist,  but  are  of  variable  and  often  great 
breadth,  reaching  from  '^50  to  1,000  miles  transversely. 
(3).  That  the  bands  on  the  whole  seem  to  foUow  the  lines  of 
elevation  which  separate  the  great  basins  into  which  the  sur- 
face is  divided.  It  must  be  remarked,  however,  that  eaxti» 
-quakes  are  occasionally  felt  in  districts  far  removed  from  any 
of  the  recognised  bands,  and  that  these  may  even  be  exceed- 
ingly energetic. 

We  come  next  to  consider  the  distribution  of  earthquakes  in 
■time.  To  obtain  any  knowledge  of  this  it  is  necessary  to  obtain' 
aU  possible  records  of  such  movements  as  have  been  observed, 
-taai,  estimating  each  according  to  its  value,  tabulate  the  whole. 
Very  elaborate  tables  have  been  prepared  and  published,  partly 
by  Professor  Perrey,  of  Dijon,  and  partly  by  Mr.  Mallet.  The 
Matter  has  prepared  a  catalogue  raisonnie,  completed  to  the  end 
of  1842,  and  the  former  a  catalogue  which  brings  up  the  his- 
tory to  1 850.  Both  are  before  the  world,  and  the  two  together 
embrace  between  6,000  and  7,000  separate  recorded  earth- 
'quakes  over  every  part  of  the  known  globe,  both  on  land  and 
ocean.     Of  these  58  are  previous  to  the  Christian  era  and  197 
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between  that  time  and  the  end  of  the  ninth  century.  All 
these  were,  of  course,  very  great  earthquakes,  demanding  at- 
tention from  all  who  came  under  their  influence.  Only  532 
are  recorded  in  the  next  six  centuries,  which  include  the 
period  commonly  called  the  middle  ages.  During  the  next 
three  centuries  the  number  recorded  amounts  to  2,804,  and  m 
the  first  half  of  the  present  century  it  has  increased  to  3,240. 
It  is  necessary  to  mention  these  figures,  hut  they  give  the; 
reader  an  idea  of  the  progress  of  obsen-ation  rather  than  of 
the  actual  number  of  earthquakes  that  have  happened,  except 
in  a  very  limited  sense  and  so  far  as  Europe  is  concerned^ 
within  ithe  present  century.  ' 

It  may  help  still  further  to  place  this  matter  clearly  befor& 
the  reader  to  mention  that,  of  the  early  earthquakes,  up  to. 
the  end  of  the  fifteenth  century,  about  eight  in  every  hun- 
dred of  those  recorded  were  so  destructive  as  to  reduce  cities- 
and  towns  to  rubbish,  and  destroy  much  human  life.  Within 
the  next  three  centuries  less  than  four  in  a  hundred  were  of  this, 
kind,  while  in  the  present  century  little  more  than  IJ  per  cent,  of 
the  recorded  earthquakes  were  of  the  first  class.  It  results  from 
this  statement  what,  indeed,  we  might  safely  have  assumed,  that 
in  proportion  as  means  of  communication  have  improved  the 
lists  have  been  gradually  becoming  more  perfect  and  more 
inclusive  ;  that  many  more  of  the  earthquakes  of  the  second 
and  third  class,  in  proportion  to  those  of  the  first,  have  been 
noticed,  and  though  it  is  by  no  means  the  case  that  we  have 
even  now  a  complete  record,  it  may  be  assumed  that,  in  recent 
times,  few  really  important  disturbances  have  been  neglected; 
that  have  affected  the  land  in  the  northern  hemisphere.  The 
number  of  these  as  recorded  is  3,076  out  of  the  3,240.  If, 
(hen,  it  is  the  case  that  the  accounts  of  the  first  half  of  the 
present  century  give  an  approximate  average  of  the  truth,  we 
may  conclude  that  within  tiiat  period  there  has  been  on  an 
average  about  sixty  earthquakes  per  annum,  or  rather  more 
than  one  every  week.  Most  of  these  were  small  and  unimpor- 
tant, but  of  great  earthquake  disasters  there  has  been  on  an 
average  one  every  eight  montlis.  Too  little  is  known  of  the 
land  in  much  of  the  southern  hemisphere  to  justify  a  cor- 
responding estimate  for  that  part  of  the  world;  and  of  the 
earthquakes  at  sea  it  has  already  been  observed  that  we  know 
scarcely  anything. 
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A  cocapatison  of  the  earthquakes,  with  a  view  to  determine 
the  relative  JBrequenoy  of  the  different  kinds,  and  to  discover, 
if  possible,  any  order  or  law  that  governs  them,  seems  to  show  r 
that  they  exhibit  periods  and  intervals  of  something  approach- 
ing regularity.  Thus  it  results  that  the  smallest  paroxysmal 
interval  is  a  year  or  two,  but  the  average  interval  involves 
from  five  to  ten  y^ars  of  comparative  repose.  Under  any  cir- 
cumstances, however,  there  is  evidence  of  alternation  of  acti- 
vity and  repose,  both  when  we  consider  the  earthquake  shocks  in 
special  localities,  and  over  the  whole  of  a  very  large  area,  in- 
cluding several  bands  of  earthquake  activity.  On  the  whole, 
also,  it  seems  that  when  the  intervals  of  repose  are  shortest 
there  are  fewei;  earthquakes  of  the  first  class.  In  reference  to 
this  question  it  is  worthy  of  notice  that,  in  each  century  for 
many  centuries  past,  liiere  have  been  two  periods  of  chief 
earthquake' iriteusity,  one  greater  than  the  other,  occurring 
about  the  middle  of  each  century,  (from  the  fiftieth  to  the  six- 
tieth year),  and  the  other  towards  the  end  of  each.  In  the 
present  century,  it  is  needless  to  remind  the  reader  of  the 
great  extent  of  earthquake  disturbance,  between  the  years 
1859  and  1869.  Within  the  first  period  in  the  eighteenth 
century  there  was  the  great  Lisbon  earthquake,  and  within  the 
second  the  grqat  Calabrian  one.  In  the  seventeenth  century 
tliere  were  great  disturbances  in  the  middle  and  the  Jamaica 
earthquake  at  the  end.  In  the  sixteenth,  the  middle  part  was 
marked  by  great  earthqualies  in  China,  and  Europe,  and  the 
latter  by  numei'ous  severe  shocks  in  the  Azores.  An  interval 
of  about  a  century  has  occurred  between  the  very  greatest 
paroxysms,  arid  a  period  of  from  thirty  to  forty  years  between 
each  greatest  paroxysm  and  another  of  smaller  magnitude 
succeeding  it.  In  the  middle  and  most  intense  paroxysmal 
period,  a  large  number  of  earthquakes  are  crowded  into  a 
small  numbar  of  years,  while  in  the  second  and  less  intense 
period  the  number  is  smaller,  and  the  number  of  years  over 
which  they  are  spread  is  greater.  Beyond  this  generalisation 
is  another,  more  faintly  indicated.  It  would  seem  that  the 
1st,  5th,  9th,  19th  and  18th  centuries  have  been  those  of  chief 
activity,  and  the  3rd,  Tth,  IQth  and  ]4th  those  of  least  activity. 

There  are  some  curious  results  of  an  examinatioii  of  the 
earthquake  catakgues  that  we  must  now  consider.  And  first, 
in  reference  to  special  locaUties,  and  the  various  seasons  of 'the 
year.    The   localities  are  grouped  according  to  the  bands 
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«lready  indicated.  Thus,  in  Europe  and  the  adjacent  coon- 
tries,  we  have  the  following  areas  of  earthquake  action,  as 
suggested  by  Professor  Ferrey. 

1.  Scandinavian  peninsula  and  Iceland 

2.  British  Islands. 

3.  Spanish  peninsula. 

4.  France,  Belgium  and  Holland. 

5.  Bhone  basin. 

6.  Bhine  basin. 

7.  Danube  basin, 

8.  Italian  peninsula. 

9.  Algeria  and  North  Africa. 

10.     Turco-Hellenic  peninsula,  with  Syria. 

In  the  Scandinavian  peninsula  and  Iceland,  out  of  3^3  earth- 
quakes recorded,  the  dates  of  214  are  known.  Of  this  number 
112,  (more  than  half),  were  during  the  first  half  of  the  present 
century.  Of  these  74  occurred  in  the  winter  mouths,  (January 
to  March),  and  53  in  the  autumn  months,  (October  to  De- 
cember), while  48  only  are  recorded  in  summer,  (July  to  Sep- 
tember), and  only  39  in  spring,  (April  to  June).  Thus,  while 
during  six  warm  months  the  number  was  87,  during  the  six 
winter  months  the  number  amounted  to  127.  The  month  of 
January  was  characterised  by  33  shocks,  and  the  month  of 
June  by  only  10.  It  has  been  calculated  that  the  mean  di- 
rection of  propagation  is  S.  22<»  30'  W.,  which  agrees  with 
that  of  the  Scandinavian  peninsula. 

Within  the  British  Islands  the  dates  of  217  earthquakes 
are  recorded,  108  of  them  being  in  the  present  century.  Of 
these  123  were  in  the  winter  months,  and  only  94  in  the  sum- 
mer months.  The  maximum  number  (28)  was  in  December. 
The  mean  direction  was  S.  29"  6'  W.  to  N.  39o  5'  E. 
Several  earthquakes  of  some  magnitude  have  been  felt  in  the 
British  Islands  since  1850,  most  of  them  being  in  winter.  A 
later  calculation  by  Mr.  MUne  refers  to  139  shocks  in  Scot- 
land and  116  in  England.  Of  these  153  were  in  winter  and 
102  in  summer  months. 

In  the  Spanish  peninsula  the  dates  of  201  earthquakes  are 
cecorded,  85  of  them  being  in  the  present  century.  Of  these 
114  were  in  winter  and  87  in  summer.    The  mean  horizontal 
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direction  is  E.  31°  56'  S.  to  W.  31°  56'  N.,  which  agrees  well 
with  the  recorded  direction  of  shocks.  In  France,  Switzerland, 
the  Rhine  Basin,  and  Belgium,  there  are  1,369  dated  ohserva- 
tions.  Eight  hundred  and  twenty-six  of  the  shocks  were  in 
winter  and  543  iu  summer.  The  maximum  was  in  December 
173  and  the  minimum  in  June  77.  In  the  basin  of  the  Danube 
only  270  dated  observations  are  given ;  of  these  143  were  in 
winter  and  127  in  summer.  In  the  Italian  peninsula,  out  of 
984  earthquakes  531  were  in  the  winter  and  453  in  the  summer 
mouths.  It  is  only  in  the  eastern  part  of  the  Mediterranean 
that  the  recorded  facts  of  earthquakes  seem  to  show  a  slight 
preponderance  of  shocks  in  summer.  Here  out  of  423  shocks 
106  took  place  in  the  three  winter  months,  January  to  March, 
and  102  in  the  succeeding  spring  months.  But  there  are 
115  recorded  as  observed  in  summer  (July  to  September),  and 
102  in  autumn  months.  The  influence  of  season  here  seems 
to  be  absent,  and  the  same  maximum  number  (40)  is  de- 
scribed for  January,  August,  and  September,  the  minimum 
(30)  taking  place  in  the  month  of  April. 

If  we  cross  the  Atiantic  we  find  in  the  North  American 
land  of  the  northern  hemisphere  134  earthquakes  recorded. 
As  to  the  date  of  these,  86  took  place  in  winter  and  48  in 
summer.  In  the  Central  American  district,  though  known  to 
be  very  subject  to  disturbances,  there  are  only  52  earthquakes 
whose  dates  are  given,  but  of  these  32  occurred  in  winter  and 
spring,  and  only  20  in  summer  and  autumn.  The  totals  of 
winter  and  autumn  are  equal  to  those  of  spring  and  summer. 
In  the  West  Indian  Islands,  of  690  earthquakes  142  occurred 
in  winter,  156  in  spring,  187  in  summer,  and  154  in  autumn ; 
but  as  the  cold  is  not  greater  in  the  winter  mouths,  the  terms 
must  be  understood  to  mean  only  the  months  which,  in  the 
temperate  zones,  are  known  by  those  names.  The  observa- 
tions, though  not  very  numerous,  concerning  the  dates  of 
earthquakes  in  Chili  and  the  basin  of  La  Plata,  agree  with 
those  of  the  West  Indian  Islands,  and  not  vrith  those  of  Europe. 

As  a  general  summary  of  the  facts,  we  may  state  that  of 
^,020  earthquakes  in  Europe,  of  which  at  least  the  season  of 
their  occurrence  (vfinter  or  summer)  is  knovni,  and  of  which 
1,588  date  since  the  commencement  of  the  last  century 
1,163  took  place  in  winter  and  autumn  months,  and  only  851 
\n  spring  and  summer.  The  largest  number  in  a  mouth  was 
228,  in  January ;  the  smallest  was  126,  in  May.      So  far  as 
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Europe  is  concerned  it  would  also  seem,  that  taken  in  every 
way  in  each  separate  district,  except  that  of  the  eastern  Medi- 
terranean, and  for  the  last  five  centuries,  there  has  been  a 
marked  and  even  lai^e  predominance  of  disturbance  about  the 
time  of  the  winter  solstice,  and,  as  marked  a  minimum  of  dis- 
turbance at  the  time  of  the  summer  solstice.  It  may  also  be 
estimated  from  the  observations  of  a  period  of  twenty  years  of 
the  present  century,  which  there  has  been  nothing  to  interrupt 
ready  communication  and  the  publication  of  all  extraordinary 
occurrences,  that  at  least  forty  earthquakes  per  annum,  or  one 
in  every  nine  days,  are  felt  on  the  continent  of  Europe,  and 
the  immediately  adjacent  islands. 

An  exceedingly  important  suggestion  was  made  by  Pro- 
fessor Perreyin  1853,  and  reported  on  by  the  E'rench  Academy 
in  reference  to  the  periodicity  of  earthquakes,  and  the  con- 
nection that  may  exist  between  them  and  the  moon's  age. 
From  the  observations  of  four  years,  from  1841  to  1845,  very 
carefully  tabulated,  he  finds  that  the  number  of  earthquakes 
occurring  near  the  times  of  new  and  full  moon  are  to  those  at 
the  quarters  as  47  :  39.  This  fact  cannot  be  regarded  as  in- 
volving a  general  law ;  but  if  there  be  such  a  law,  it  points  to 
the  influence  of  currents  of  earth  magnetism  in  producing 
earthquakes,  or  rather,  perhaps,  in  determining  the  precise 
date  of  their  occurrence.  The  whole  subject  of  the  periodi- 
city of  earthquakes  must  be  considered  with  reference  to  this 
important  form  of  force  which,  as  we  know,  depends  on  causes 
altogether  external  to  the  earth,  and  derived  from  the  sun 
itself  as  the  centre  of  our  system. 

The  connection  between  earthquakes  that  occur  at  about 
the  same  time  in  different  districts,  and  the  range  of  earth- 
quakes under  extraordinary  circumstances  are  matters  that  re- 
quire allusion.  Cases  sometimes  occur  in  which  small  earth- 
quakes' of  the  third  class  are  felt  in  places  not  a  hundred 
miles  apart  within  a  few  hours,  or  two  or  three  days  of  each 
other,  but  between  which  there  appears  no  relation  whatever. 
Other  cases  are  not  rare  in  which  a  gentle  but  continuous 
tremor  affects  a  whole  district,  numerous  small  undulatioua 
being  so  clearly  propagated  through  the  earth  that  the  ra»  of 
transit  of  the  wave  may  be  calculated.  In  the  years  1841, 
1842,  (between  the  23rd  July  of  the  former  year  and  the 
8th  June  of  the  latter)  about  60  small  shocks  were  felt  and 
recorded  at  Comrie,  in  Perthshire,  Scotland.    Of  these  12 
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occurred  on  SOtli  July,  and  tte  rest  were  irregularly  dis- 
tributed. Between  1st  July,  1843,  and  that  day  twelvemonth 
thirty  more  shocks  were  felt  at  the  same  spot,  and  besides 
them  several  not  inconsiderable  disturbances  in  various  parts 
of  England.  The  most  remarkable  day  was  17th  March,  1843, 
when  almost  the  whole  of  the  western  part  of  England,  the 
Ohannel  Islands,  the  Isle  of  Man,  the  north-east  corner  of 
Ireland,  and  the  south-west  of  Scotland,  experienced  shocks ; 
but  none  were  felt  at  Comrie.  On  the  other  hand,  in  1843, 
on  the  25th  August,  a  severe  earthquake  was  experienced  at 
Comrie,  and  vrithin  an  area  of  more  than  100  square  miles,  with 
about  equal  intensity.  These  are  all  examples  of  small  vibra- 
tions, and  generally  small  vibrations  frequently  repeated  are 
not  very  likely  to  be  followed  by  serious  disturbances  and 
earthquakes  of  the  first  class.  Other  instances  of  long  con- 
tinued slight  tremors  occurred  in  1839  at  St.  Jean  de  Mauri- 
€nne,  in  Savoy,  and  at  Ragusa,  on  the  coast  of  Italy,  in  the 
years  from  1848  to  18-50. 

Earthquakes  that  cannot  be  traced  far  may>  however,  be 
extremely  violent,  and  examples  of  such  convulsions  are  not 
uncommon  in  volcanic  districts,  after  some  interruption  of 
volcanic  eruptions.  Thus,  on  the  5th  February,  1783,  a 
great  earthquake  was  experienced  at  Calabria,  in  Sicily,  by 
which  the  town  of  Calabria,  and  about  200  other  towns  and 
villages  were  destroyed,  and  100,000  human  beings  perished.. 
The  disturbance,  however,  was  limited  to  an  area  of  about 
600  square  miles.*  On  the  other  hand,  the  great  and  cele- 
brated earthquake  of  Lisbon,  which  took  place  on  the  1st 
November,  J  755,  was  felt  throughout  an  oval  area  of  enormous 
dimensions,  the  periphery  of  lie  oval  reaching  eastwards  in 
Europe  as  far  as  Bohemia,  where  the  hot  springs  of  TopUtz 

*  It  is  recorded  that  during  this  remarkable  earthquake  the  earth 
was  in  one  particular  spot  rent  by  deep  chasms,  and  so  violently  rocked, 
that  the  heads  of  the  largest  trees  almost  touched  the  ground  on  either 
side.  Not  only  was  no  kind  of  bmlding  able  to  resist  the  movement, 
but  tracts  of  land  were  actually  removed  horizontally,  so  that  fields 
planted  with  diflerent  kinds  of  com  had  exchanged  situations.  Not- 
withstanding this  extraordinary  amount  of  local  disturbance,  the  towns, 
even  at  a  comparatively  short  distance,  were  not  injured,  and  in  the 
country  the  shock  was  scarcdy  felt.  The  contrast  between  this  and 
the  Lisbon  earthquake,  scarcely  more  severe  at  any  point,  is  exceedingly 
remarkable,  and  probably  due  to  the  much  smaller  depth  of  the  point 
of  paroxysmal  disturbance. 
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were  affected,  and  uorthwards  to  the  shores  of  the  Baltic.  It 
traversed  the  Atlantic,  near  the  Arctic  circle,  crossing  Canada, 
north  of  the  great  lakes,  and,  coming  southwards,  included 
within  its  area  the  West  Indian  Islands,  and  re-crossed  the 
Atlantic  to  the  northern  shores  of  Africa.  An  example  of 
very  wide  area  of  earthquake  action  and  repeated  convulsions 
occurred  in  1835,  when  sevei-al  towns  were  destroyed  between 
Copiapo  and  Chiloe,  on  the  west  coast  of  South  America,  and 
at  the  same  time  the  island  of  Juan  Fernandez,  365  nules 
from  Chili,  was  violently  shaken.  More  than  300  shocks 
were  counted  in  this  district  between  iJOth  February  and  4tb 
March  in  the  year  mentioned,  and  before  this  the  whole  coast 
of  Chili  had  been  visited  by  a  most  destructive  earthquake,, 
felt  simultaneously  through  a  space  l,iiOO  miles  firom  north  to 
south.  The  recent  earthquake  of  Mendoza,  in  the  plains  on 
the  eastern  side  of  the  Andes  (one  of  the  most  fatal  on  record), 
and  still  more  recent  disturbances  in  the  West  Indies,  prove 
that  the  eruptive  energy  is  not  less  considerable  on  the  eastern 
than  it  has  been  on  the  western  side  of  the  great  Cordillera. 

The  distance  between  the  extreme  points  alfecteJ  by  au 
earthquake,  and  careful  observations  made  at  various  points 
as  to  the  amount  and  direction  of  the  wave,  enable  the  mathe- 
matician to  estimate  within  certain  limits  the  probable  depth 
At  which  the  paroxysm  originated.  That  this  differs  ejcceed- 
'  ingly  in  different  cases  there  can  be  no  doubt,  but  it  must  be 
understood  that  only  a  very  rough  approximation  can  in  any 
case  be  obtained. 


PAET  THE  SIXTH. 

LIFE. 


CHAPTER  XVIII. 

THE  DISTEIBUTION  OF  PLANTS  IN  THE  DIEEBEBNT 
COUNTRIES  OE  THE  EARTH. 

In  the  introductory  chapters  of  the  present  volume,  vital  energy 
has  heen  alluded  to  as  a  form  of  force.  This  may  have  seemed 
strange  to  some  readers,  but  it  is  consistent  with  all  the  results 
of  modem  enquiry  to  assume  that  vitality  is  one  of  the  many 
results  of  the  motion  that  takes  place  among  material  atoms. 
We  have  seen  that  force  is  convertible  into  heat,  or  that  it  may 
be  developed  as  light,  or  that  it  may  present  itself  as  chemical 
action,  elecbicity,  or  magnetism.  Wherever  and  however  it 
is  shown,  motion  is  evidently  one  of  the  important  properties 
of  matter,  and  it  is,  perhaps,  indispensable  to  the  very  existence 
of  matter  in  the  universe.  Matter  and  motion  are  ideas  wliich 
we  can  hardly  dissociate.  They  belong  to  each  other :  with 
them,  we  have  the  world  and  the  material  universe ;  without 
them,  there  is  simply  nothing.  If  in  this  sense  alone  life  is 
indissolubly  bound  up  with  the  other  results  of  force,  it  follows 
that  it  is  one  of  the  forms  into  which  motion,  produced  in  or 
transmitted  through  matter,  may  be  modified. 

Viewed  in  this  light,  it  is  not  difl&cult  to  perceive  that  Ufe 
in  some  way  may  be  co-existent  with  the  universe,  although 
the  exact  form  and  the  conditions  in  which  it  exists  have 
admitted  of  infinite  variation.  As  we  recognise  a  peouliar;  ar- 
rangement of  matter,  and  its  distribution  into  earth,  air,  and 
water,  so  these  connect  vnth  life  and  are  inseparable  from  a 
definite  idea  of  its  nature.  The  conditions  of  existence  at  any 
time  axe  simply  the  actual  conditions  of  the  earth  at  that  time. 
Jf  they  are  not  fitted  for  life,  there  is  no  life — the  forces  are 
otherwise  occupied.     If  they  are  so  fitted,  life  appears.    Life, 
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in  lihis  sense,  is  not  an  exceptional,  but  an  essential,  phena« 
menon. 

There  is  no  special  materialism  in  this  view.  We  say  only 
that  life  is  a  part  of  nature,  and  that  it  is  a  logical  and  neces- 
sary consequence  of  the  existence  of  a  material  universe  under 
certain  conditions.  The  mutual  relations  of  matter  and  motion 
being  once  established,  they  have  remained  in  perfect  harmony 
and  system — one  series  of  events  naturally  growing  out  of 
another  system.  All  we  say  is,  that  such  is  the  order  and  law 
of  Creation.  Whether  it  be  more  reverent  to  regard  life  as 
introduced  by  a  method  of  interposition,  and  by  the  modificatiou 
of  an  incomplete  method,  imagined  in  one  way  and  improved 
from  time  to  time ;  or  whether  it  be  not  more  to  the  honour 
of  the  Creator  to  believe  that  he  originally  devised  a  perfect 
system,  that  should  run  its  course  from  beginning  to  end  with- 
out interruption, — we  must  leave  our  readers  to  decide.  If 
we  can  discover  traces  of  a  plan  that  has  always  developed  and 
will  continue  to  develop  perfect  results,  adapted  in  every  ease 
to  such  changes  as  in  the  full  working  out  of  the  system  must 
occur,  we  obtain  neither  an  irreverent  nor  material  view  of  the 
Divine  mind.  ~  We  cannot  attempt  to  indicate  the  working  of 
this  plan  in  all  its  details,  but  we  may  discover  and  point  out 
certain  laws.  Among  these,  the  law  of  distribution  of  ot]gaiuc 
beings  on  the  earth  is,  perhaps,  the  most  important  of  all. 
The  discovery  that  such  a  law  exists  cannot  be  unsatisfactory 
or  painful  to  any  one  who  seeks  truth,  as  it  njay  be  learnt  by 
enquity  of  Nature. 

Vegetable  and  animal  life  require  iliat  certain  portions  of 
the  solids,  fluids,  and  gases  commonly  present  in  the  earth 
should  enter  into  new  combinations  and  become  capable  of 
being  reproduced,  but  always  with  such  small  modifications 
as  circumstances  may  render  desirable.  They  require,  also,  a 
constant  and  large  exhibition  of  force,  genersilly  exhibited  in 
motion  and  heat,  sometimes  by  light  and  chemical  action,  and 
finally  by  vital  energy.  In  the  more  complex  forms,  electric 
and  magnetic  forces  are  also  exhibited.  Life  is  eminently  ac- 
tive, compared  with  inorganic  nature,  and  involves  an  enormous 
amount  of  motion.  It  endures  only  for  a  limited  time ;  but 
similar  forms  and  combinations,  involving  similar  expenditure 
of  force,  grow  as  it  were  out  of  the  atoms  of  a  body  that  is  still 
living.  Life  is  propagated,  so  far  as  is  known,  by  germs  pro- 
ceeding from  other  living  bodies. 
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A  certain  amount  of  air  and  water,  and  a  certain  amount  of 
light  and  heat,  are  necessary  for  vital  existence.  Thus,  there- 
are  limits  of  time  and  limits  of  space  connected  with  the  distri- 
bution of  life.  Life  is  most  active  where  there  is  warmth  and' 
sunlight.  It  dies  out  quickly  at  considerable  depths  beneath 
the  surface  of  land,  and  at  great  heights  above  the  sea.  Its- 
simplest  combinations  are  met  with  where  it  shows  itself  under 
the  least  favourable  conditions.  Where  the  conditions  are- 
more  favourable,  a  struggle  of  different  forms  for  supremacy 
commences ;  and  by  this  means  the  earth  always  exhibits 
e.xactlY  so  much  and  such  kind  of  life  as  is  best  adapted  to- 
exist  at  every  point,  under  the  special  conditions  of  climate  and 
circumstances,  whatever  and  wherever  these  may  he. 

On  the  sides  of  lofty  mountains- — on  the  ashes  and  lava 
thrown  out  by  volcanoes — on  naked  rock — and  even  in  the- 
depths  of  the  earth, — there  is  a  tendency  for  life  to  step  in- 
wherever  there  may  be  a  place.  A  minute  red  fungus  shows-- 
itself  on  the  surface  of  snow  in  the  most  northern  part  of  the 
Arctic  regions,  and  claims  to  be  life.  A  gelatinous  mass  is 
separated  from  the  almost  boiling  water  that  rises  in  hot 
springs  from  the  interior  of  the  earth,  and  calls  itself  organic, 
or  the  result  of  life.  Life  appears  at  the  greatest  elevations^ 
to  which  it  has  been  possible  to  gain  access.  It  has  been, 
brought  up  from  the  greatest  depths  of  the  deepest  ocean  that 
have  been  reached.  Every  rock,  every  loose  stone,  every  pool,, 
where  there  is  light,  and  air  and  moisture,  may  become  the 
seat  of  life.  The  air  carries  the  germ,  or  the  water  conveys- 
it.  Whether  the  original  germ  of  the  lowest  forms  of  exist- 
ence are  derivable  according  to  any  law  that  can  be  discovered 
from  inorganic  nature,  is  still  doubtful.  But  it  is  certain  that 
all  the  more  complex  forms  are  distinct,  and  that  no  one  ha* 
yet  succeeded  in  obtaining  life  by  artificial  means.  Neither 
can  we  greatly  modify  the  forms  of  existence,  except  in  a  few 
special  cases. 

But  we  know  that,  according  to  the  operation  of  some  law,, 
or  by  some  interruption  of  law,  changes  take  place  from  time 
to  time.  We  know,  too,  that  either  alteration  of  structure- 
and  modification  of  specific  form,  or  the  introduction  of  new 
forms,  is  effected  occasionally,  in  conformity  with  some  law 
and  co-existent  with  changes  of  climate.  Thus,  whilst  in  alii 
parts  of  the  world,  and  through  all  time,  minerals  and  rocks- 
are  reproduced  exactly,  and  have  been  repeated  without  change,. 


864  ■    ijFE. 

both  plants  and  animals  exhibit  adaptation  and  safiEer  modifi- 
cation. With  regard  to  organic  nature,  we  have  reason  to 
conclude,  on  the  contrary,  that  each  species  has  its  period  of 
life,  which  must  be  terminated  by  death.  Just  as  each  suc- 
ceeding individual  of  a  family  preserves  many  characteristics 
of  its  group  without  absolute  identity,  so  in  the  case  of  species 
there  is  no  absolute  and  close  repetition,  but  merely  a  family 
resemblance.  And,  just  as  individuals  are  bom,  grow,  and 
die,  so  do  species  originate,  multiply,  and  disappear  from  the 
face  of  the  earth. 

Groups  of  plants  and  animals  are  distributed  according  to 
certain  laws,  both  in  vertical  and  horizontal  space.  Each 
group  tells  a  history  which  is  of  great  value,  and  which  forms 
a  chapter  in  the  history  of  the  earth.  Where  we  find  identical 
species  spread  over  a  certain  area,  whether  continent  or  islands, 
we  may  be  sure  there  has  been  at  one  time  free  communica- 
tion, although  now  mountain  chains  or  ocean  depths  may  in- 
tervene and  form  impassable  barriers.  Where,  on  the  other 
hand,  in  parts  of  connected  land  there  are  distinct  groups  and 
representative  species  doing  the  same  work  in  nature,  there 
has  formerly  been  geographical  separation ;  and  the  best 
adapted  species  must  inevitably  succeed,  in  time,  in  driving 
out  and  destroying  the  less  adapted.  This  is  a  great  law  of 
nature,  and  it  is  one  that  is  the  foundation  of  much  valuable 
generalisation. 

It  has  been  found  convenient  to  group  plants  into  three 
principal  classes,  which  differ  much  in  their  structure  and 
mode  of  growth.  They  are  (1 )  the  Cryptogamia,  whose  flowers 
and  seeds  are  too  minute  to  be  seen,  or  are  hidden  in  some 
unusual  part  of  the  plant.  Such  is  the  case  with  fungi,  many 
sea  weeds  and  lichens,  mosses,  and  even  ferns.  They  have, 
in  some  respects,  a  more  simple  structure  than  the  other 
plants.  They  are  the  forms  of  life  that  appear  under  the 
least  favourable  circumstances.  They  range  more  widely,  and 
they  vary  less  under  great  changes  of  condition.  They  endure 
through  longer  time,  and  range  over  larger  space.  They  are 
marvellously  abundant,  spreading  everywhere,  no  one  knows 
how.  They  start  into  life  even  when  every  chance  of  success- 
ful growth  seems  absent.  Their  seeds  are  always  at  hand,  in 
the  air  and  water  as  well  as  on  or  witliin  the  earth. 

Next  come  (3),  the  Monocotyledons,  or  plants  that  grow 
from  simply  formed  seeds,  ripened  after  the  plant  has  flowered. 
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The  seeds  are  like  those  of  the  various  grasses  and  com.  the 
young  plant  commencing  life  as  one  little  leaf  wound  spirally 
outside  the  seed.  It  is  continually  followed  during  life  hy 
other  leaves,  and  the  outer  case  of  dead  leaves  left  behind 
becomes  ultimately  a  woody  stem,  while  the  growth  continues, 
and  the  plant  may  ultimately  become  a  tree.  Palm-trees  are 
good  examples  of  this  mode  of  growth  on  a  large  scale — all 
the  grasses  are  illustrations  on  a  small  scale. 

(3).  The  Dicotyledons  form  a  third  division.  As  the  struc- 
ture of  monocotyledons  is  more  complex  than  that  of  crypto- 
gams, so  that  of  dicotyledons  is  more  complex  still.  In  theta 
a  double  seed  gives  off  two  leaves,  diverging  as  they  rise,  and 
allowing  a  woody  stem  to  come  up  between  them.  From  time 
to  time  branches  are  given  off  in  the  same  way.  In  the  larger 
plants  of  this  kind  a  growth  takes  place  outside  a  central  axis, 
the  external  coat  of  bark  being  the  most  essential  part.  In 
larger  plants — as  shrubs  and  trees — the  trunk  increases  by 
successive  rings,  which  mark  the  years  of  its  existence.  A 
circulation  of  sap  or  juice  keeps  up  a  perpetual  life  through 
trunk,  branches  and  leaves ;  leaves  at  a  certain  period  of  the 
year  develope  into  flowers,  and  these  again  into  fruits,  and 
from  each  fruit,  if  placed  under  favourable  conditions,  a  similar 
growth  takes  place,  and  a  new  plant  is  produced. 

For  years,  centuries,  and  even  in  some  cases  thousands  of 
years,  the  growth  of  a  plant  may  continue,  and  the  original 
structure  remain.  Year  after  year  sees  a  production  and  decay 
of  the  leaves  and  the  flowers,  but  the  fruit  cast  into  the  ground 
preserves  the  identity  of  species  as  long  as  the  circumstances 
are  more  favourable  for  die  growth  of  that  plant  than  any 
other.  With  many  important  plants,  however,  the  time  o( 
existence  of  the  individual  is  limited  to  one  season.  The  seed 
developes  rapidly  into  stem,  and  branches,  and  leaves, — the 
bud  forms,  the  flower  appears  and  decays,  the  fruit  follows, 
ripens,  and  is  dispersed,  and  then  the  plant  dies.  Such 
'plants  are  called  annuals.  In  temperate  latitudes  one-sixili 
part  of  the  total  number  of  species  of  the  two  more  complex 
forms  of  plant  life  are  annuals — in  the  tropics  not  more  than 
one  in  twenty,  and  within  the  Arctic  and  Antarctic  circles  onlj 
cne  in  thirty.  Plants  that  form  a  solid  woody  stem  are  more 
mimerous  near  the  equator ;  grasses  and  such-like  plants  are 
more  common  in  the  temperate  zones,  while  mosses  and 
lichens  abound  in  high  latitudes,  or-at  high  elevations.    There 
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are,  however,  important  exceptions  to  this  distribution,  espe- 
cially with  regard  to  the  ferns  and  other  higher  forms  of 
-cryptogams. 

The  distribution  of  plants  being  dependent  on  favourable 
conditions,  we  must  learn  accurately  what  the  conditions  are, 
if  we  would  understand  the  nature  of  the  group  likely  to  be 
found  in  any  given  place.  There  are  certain  parts  of  the 
-earth — as  Equatorial  America— that  seem  especially  adapted 
for  forest  vegetation ;  certain  others — as  the  islands  of  the 
^South  Seas — where  ferns  chiefly  inhabit;  and  others,  where 
flichens  and  mosses  are  most  common.  The  causes  are  for 
the  most  part  climatal,  though  soil  has  much  to  do  with  the 
'determination  of  the  tribes  that  shall  flourish  in  any  district 
-at  a  given  time. 

But  climate  does  not  depend  entirely  on  latitude,  and  thus 
the  distribution  of  plants  is  not  confined  to  definite  horizontal 
tracts  in  similar  geographical  position.  Although,  generally 
-speaking,  the  climatal  conditions  are  similar  in  places  simi- 
larly situated,  this  is  only  the  case  where  there  is  no  great 
difference  of  level.  On  ihb  sides  of  high  mountains  within 
the  tropics  we  may  find  every  variety  of  temperature,  from 
the  hottest  and  most  humid  atmosphere  to  a  thin,  cold,  dry 
air,  like  that  within  the  Arctic  circle,  and  quite  as  cold.  We 
have  thus  certain  limits  of  vegetation  in  vertical  as  well  as 
horizontal  space.  Warmth  and  moisture  are  conditions  emi- 
nently favourable  to  plant  life,  and  all  organic  nature  is  chiefly 
energetic  where  these  abound,  provided  there  is  no  inter- 
ference of  interests.  But  where  there  is  such  interference, 
whatever  be  the  cause,  the  species  best  adapted  to  the  condi- 
itions  must  gain  the  day  in  the  great  sfxuggle.  Sometimes 
vegetation  advances  at  the  expense  of  animal  life,  but  else- 
where animal  life  prevails  almost  to  the  exclusion  of  vegeta- 
tion. The  banks  of  tropical  rivers  at  low  level  are  examples 
■of  the  former,  and  the  waters  of  the  ocean  of  the  latter  case.. 
Certain  kinds  of  vegetation  under  certain  circumstances  wiU 
■often  permanently  exclude  other  kinds. 

There  are  a  number  of  recognised  botanical  regions  in  the 
earth.  The  number  of  these  regions  is  large,  and  not  abso- 
lutely defined,  as  botanical  authors  increase  them  from  time 
to  time,  according  to  the  progress  of  discovery.  It  is  neither 
inecessaiy  nor  desirable  to  trouble  the  reader  with  detailed 
accounts,  or  mere  lists  of  these,  the  object  of  the  present 
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•chapter  being'  rather  to  give  a  general  idea  than  teach  the 
special  facts  on  which  the  conclusions  are  based.  But  it  will 
Sbe  useful  and  suggestive  to  place  before  the  student  the  out- 
iines  of  a  compact  and  concise  arrangement  long  ago  sug. 
gested  by  Humboldt. 

It  is  assumed  in  this  outline  that  there  are  parts  of  the 
■earth  where  certain  tribes  of  plants  are  most  at  home.  Here 
they  overpower  all  intruders.  Hence  they  are  believed  to 
have  diverged,  entering  occasionally  adjoining  territories,  but 
not  conquering  them.  Each  group  is  supposed  to  have  a 
;p]ace,  and  for  the  present  each  keeps  it.  How  long  they  have 
■done  80,  or  when  their  empire  will  cease,  we  must  not  now 
consider.  The  former  inquiry  belongs  to  palseontology,  or 
the  history  of  past  races,  the  latter  is  purely  speculative. 

At  present,  then,  we  may  say,  speaking  of  lands  near  the 
«ea  level,  that{l),  palms. and  bananas  are  the  plants  of  the 
equator,  up  to  2,000  feet;  (9),  tree  ferns  and  species  oi fieus 
belong  to  the  tropics  generally,  corresponding  in  height  at  the 
■equator  to  between  2,000  and  4,000  feet ;  (3),  myrtles  and 
laurels  to  sub-tropical  regions  (4,000  to  6,000  feet) ;  (4),  ever- 
green trees  to  warm  temperate  countries  (6,000  to  8,000  feet); 
5),  deciduous  trees,  such  as  the  oak  and  beech,  and  most  of 
the  north  European  forest  trees,  to  the  colder  temperate  zone 
•(8,000  to  10,000  feet);  (6),  pines  to  the  sub-arctic  zone  (10,500 
to  11, 500  feet) ;  (7),  rhododendrons  to  Arctic  latitudes  or  high 
elevations  (1 1.500  to  13,500  feet);  and  lastly,  (8),  the  lichens 
and  mosses,  and  what  are  .'  -metimes  called  Alpine  plants,  are 
chiefly  met  with  on  the  1?  is  around  the  two  poles,  or  on  the 
highest  points  of  land  tt  which  vegetation  appears  in  lofty 
mountains  (between  13,500  and  15,500  feet  at  flie  equator). 

That  this  distribution  represents  important  and  intelligible 
facts  no  one  will  deny,  and  it  wiU  be  evident  that  the  law  of 
distribution  is  applicable,  without  much  difi&culty  or  error,  in 
the  case  of  mountains  of  great  elevation  under  the  tropics. 
On  the  mountains  of  Mexico,  where  the  palm  flourishes  at  the 
foot,  the  last  trees  are  met  with  at  a  height  of  13,000  feet. 
Above  them  are  Alpine  plants  and  lichens.  On  the  Himalaya 
mountains  the  birch  is  found  on  the  north  side  at  14,000  feet, 
and  the  Alpine  plants  reach  much  higher. 

Although  there  is  a  general  correspondence  there  are  causes 
which  produce  a  marked  difference  of  range  in  different  parts 
«f  the  world.     Thus,  the  pine,  so  abundant  and  characteristio 
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in  most  parts  of  the  world,  and  so  well  defined  in  its  habits-, 
only  reaches  to  10,870  feet  in  the  Pyrenees  and  6,700  feet  in 
the  Alps.  In  Lapland  neither  the  pine  nor  the  birch  rise  to 
8,000  feet  above  the  sea.  So,  again,  the  rhododendron  ia 
found  as  the  last  of  the  shrubs,  attaining  in  the  Caucasus 
8,800  feet,  in  the  Pyrenees  8,300  feet,  in  the  Alps  7,480  feet,, 
and  in  Lapland  3,000  feet. 

One  of  the  most  instructive  facts  with  regard  to  the  distri- 
bution of  plants  is,  that  in  different  botanical  regions,  whether 
of  vertical  or  horizontal  space,  it  is  usual  to  find  the  species  so 
fer  alike  that  when  carefully  compared,  and  even  recognised 
as  performing  the  same  part  in  nature,  they  are  frequently 
not  identical.  This  is  expressed  by  naturalists,  when  they 
speak  of  such  species  as  representative.  In  similar  climates- 
in  the  opposite  hemispheres,  where  there  can  have  been  no 
communication,  because  of  the  intermediate  belt  of  tropical? 
climate,  this  peculiarity  is  best  seen  and  most  readily  ad- 
mitted. No  doubt  it  is  possible  that  even  Arctic  species, 
gradually  rising  from  the  level  of  the  sea  to  elevations  where 
their  own  climate  prevails,  may  travel  from  the  north  to  the 
south  pole,  availing  themselves  of  the  great  meridional  chain 
of  the  Andes  and  Rocky  Mountains.  In  this  way  some  species 
obtain  a  wide  range.  But  it  is  clear  that  this  must  be  ex- 
ceptional, and  that  generally  there  will  be  no  such  transmis- 
sion. Under  ordinary  circumstances  different  countries  have- 
a  distinct  flora.  Must  we  then  assume  that  at  each  spot 
which  seems  to  be  tlie  metropolis  of  a  natural  group  there  was 
a  special  creation,  or  should  we  not  rather  assume  that  there- 
exists  a  power  of  adaptation  and  modification — some  great 
natural  law,  whose  operation  is  to  develope  new  forms  from  old 
species  from  time  to  time,  whenever  circumstances  call  for 
them  ?  This  is  a  question  not  less  interesting  to  the  physical 
geographer  than  to  the  botanist.  It  must,  however,  be  re- 
membered that  there  is  really  identity  in  some  very  distant 
groups  of  plants.  In  these  cases  geological  conclusions  may 
sometimes  point  to  the  true  cause — namely,  a  great  alteration 
of  level  since  the  species  was  originally  introduced.  They 
may  thus  have  migrated,  though  now  such  a  mode  of  trans- 
mitting identity  of  species  would  be  quite  impossible,  since, 
communication  is  altogether  cut  off.  Thus  the  flora,  or 
natural  group  of  indigenous  plants,  now  characteristic  of- 
Tierra  del  Fuego,  is  the  same  as  that  of  the  Chilian  AndeSf' 
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and  as  the  islands  may  formerly  have  been  part  of  the  main 
land,  the  transmission  is  possible. 

There  is  no  doubt  that  some  plants  are  more  hardy  than 
others,  and  more  capable  of  adapting  themselves  to  change  of, 
climate.  Such  plants  will  certainly  migrate  much  farther  than 
species  less  capable  of  moditication.  They  may  even,  some-  ■ 
times,  actually  displace  the  indigens.  There  seem  to  be  a  few 
plants  common  to  England  and  Australia,  and  others  common 
to  northern  Europe  and  North  America ;  and  the  existence  of 
these,  at  points  so  distant,  can  only  be  explained  by  the 
extreme  hardiness  of  such  plants,  and  their  resistance  to  ex- 
tinction. It  is  said  that  in  the  Falkland  Islands  there  are 
thirty  or  forty  plants,  of  species  identical  with  those  natural  to  . 
Great  Britain.  It  is  chiefly  the  lichens  and  other  simpler  forms 
of  vegetation  that  range  thus  widely ;  and,  indeed,  almost  all 
the  lichens  brought  from  the  southern  hemisphere  have  been 
identified  wth  northern  species.  At  any  rate,  the  fact  of 
identity  of  species  in  distant  countries  where  communication 
is  now  impossible,  is  very  important  and  suggestive. 

To  come  now  to  the  actual  floras  of  different  regions,  we 
may  begin  vfith  those  of  the  equator,  and  the  portions  of  the 
tropics  immediately  adjoining.  Several  groups,  marked  with 
tolerable  clearness,  may  be  quoted,  and  briefly  alluded  to. 

The  great  Archipelago  of  the  eastern  seas  (the  Indo-Aus- 
tralian  archipelago  of  Mr.  Wallace)  is  a  district  perhaps  the 
most  remarkable  in  the  world  for  its  active  volcanoes,  and  for 
proofs  of  enormous  recent  change  of  level.  It  is  a  good  starting 
point  for  the  physical  geographer,  as  one  portion  connects  itself  • 
with  Asia,  and  another  portion  with  Australia,  and  although  at 
firet  view,  all  these  islands  have  the  appearance  of  a  natural 
group,  they  are  really  very  distinct,  and  separated  by  a  broad 
line  of  demarcation. 

On  the  Asiatic  or  western  side  of  this  archipelago,  there  is 
much  that  is  interesting  and  curious  in  the  flora,  although 
most  of  the  species  are  identical  with  those  in  northern  India. 
On  the  other  side,  towards  Australia,  there  are  species  common 
throughout  all  the  lands  to  the  east  and  south,  including  Aus- 
tralia itself.  The  Indo-Malayan,  or  westward  botanic  region,  > 
includes  magnificent  palms,  zamias,  cycads,  bamboos,  a  singular  ■ 
myrtle,  a  mimosa,  the  teak  tree,  and  many  other  less  known 
trees,  all  characteristic  of  tropical  vegetation.  Orchidaceous 
plants  and  tree  ferns  are  also  exceedingly  abundant^.  No 
'  34 
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countries  are  richer  in  fiiiits,  and  many  of  these  are  of  extra- 
ordinary flavour.  Java  is  perhaps  the  richest  of  all.  In  it, 
and  others  of  the  group,  are  thickets  of  screvr-pine ;  the  cam- 
phor-tree, in  whose  stems  solid  lamps  of  camphor  are  found ;  a 
Yaiiety  of  myrtle,  whose  buds  are  picked  and  exported  as 
cloves ;  laurels  yielding  cinnamon  and  cassia,  and  many  kinds 
of  pepper,  all  requiring  intense  heat.  The  caoutchouc  and 
gutta-percha  trees  are  also  abundant,  and.  the  nettles  are 
stimulated  and  developed  into  the  upas-tree,  one  of  the  most 
deadly  of  vegetable  poisons.  Many  of  the  iig-trees  have  juices 
80  acrid  as  to  remove  the  skin.  No  country  is  richer  in  club 
mosses,  and  none  presents  a  more  dense  forest,  where  an  under- 
growth of  gigantic  grasses  is  met  by  a  mass  of  orchidaceous 
creepers  and  air  plants,  climbing  over  the  tops  of  the  lofty  trees. 
No  less  than  three  hundred  orchids  and  two  hundred  club 
mosses  have  been  described  from  Java,  and  most  of  them  are 
peculiar  to  that  island.  Separated  by  a  channel  of  deep  sea,  not 
fifteen  miles  wide,  we  have  a  region  of  a  totally  different  charac- 
ter, in  which  the  vegetable  life  resembles  that  of  Australia. 

Not  very  dissimilar  to  the  Indo-Malay  Archipelago,  and 
with  many  identical  species,  we  find  the  flora  of  the  plains 
of  Hindostan.  This  region  extends  from  the  valley  of  the 
Ganges  to  Cape  Comorin.  Although  much  of  India  is  on  the 
verge  of  the  tropics,  or  even  beyond  them,  the  climate  is  tro- 
{>ical,  and  tropical  species  range  widely  and  uninterruptedly. 
The  Indian  cotton  tree,  some  of  the  fig-trees,  the  dragon's 
wood  tree,  the  ebony  tree,  and  the  gigantic  banyan,  the  palms, 
the  trees  yielding  ginger,  tree-ferns,  numerous  trees  yielding 
dye  woods,  the  varieties  of  the  orange,  (almost  all  natives 
of  India)  innumerable  parasites,  and  a  multitude  of  highly- 
scented  flowering  shrubs,  are  all  found  there,  and  many  of  them 
have  been  for  centuries  introduced  to  other  and  distant  coun- 
tries, where  they  have  taken  such  deep  root  as  to  have  become 
regarded  as  natives,  and  where  they  have  often  driven  out  the 
real  indigens.  As  an  instance  of  the  luxuriance  of  growth  of 
some  of  these  trees,  it  may  be  worth  while  to  mention  the  fact 
that  several  millions  of  cocoa  nuts  have  been  exported,  in  one 
year,  from  the  island  of  Ceylon  alone.  It  would  be  impossible, 
in  the  limits  here  assigned,  to  mention,  however  briefly,  all 
the  important  plants  and  trees  met  with  in  this  marvellously 
rich  metropolis  of  certain  tribes  of  the  vegetable  kingdom. 

Only  less  varied,  if  not  equally  rich  in  ite  flora,  are  the  banks 
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•t)f  the  gigantic  rivers  of  tropical  South  America.  There,  on 
■the  Amazons  and  in  Brazil,  are  also  seen  endless  contrasts  of 
■form,  endless  varieties  of  colour,  and  peculiarities  of  growth 
almost  amounting  to  anomalies.  The  largest  trees  bear  bril- 
'liant  scarlet,  purple,  rose  coloured,  blue,  and  rich  yellow  flowers, 
-hlended  with  every  conceivable  shade  of  green.  The  acacia  is 
represented  in  many  varieties,  and  lofty  reeds  and  grasses  are 
mixed  vrith  a  multitude  of  creepers,  air  plants,  and  orchids, 
bright  with  the  most  vivid  colours.  Five  hundred  species  of 
palms  (half  the  total  number  of  described  species),  bignonias. 
■Tvith  their  huge  trumpet-shaped  flowers,  coffee  trees  of  many 
kinds,  and  the  majestic  bombyx,  (silk-cotton  tree)  are  mixed 
in  strange  confusion. 

But  although  there  are  many  points  of  resemblance  between 
-the  tropical  vegetation  of  the  east  and  west,  there  is  hardly 
any  identity  of  species.  What  is  sometimes  called  the  Jades 
— the  general  aspect — of  the  vegetation,  is  also  exceedingly 
different.  Each  is  glorious  and  beautiful  in  the  highest  degree, 
1)ut  the  style  is  different.  Nature  has  developed  differently 
under  the  different  skies,  and  for  some  reason,  whose  wide 
action  marks  it  as  in  a  high  degree  important,  the  contrasts 
are  more  striking  than  the  resemblances,  even  when  the  fact  of 
representation  of  the  species  is  most  evident,  and  the  conditions 
of  existence  seem  to  us  the  most  similar. 

AMca  also  has  a  tropical  flora  of  its  ovm,  but  it  is  both  less 
known  by  accurate  botanical  description,  and  apparently  less 
strongly  marked.  African  explorers  have  rarely  been  techni- 
■cal  botanists,  and  the  few  physiological  botanists  who  have 
"been  great  travellers,  have  not  yet  discovered  the  treasures 
that  must  exist  in  the  African  lands  recently  approached 
near  the  equator.  More  is  known  of  the  west  than  of  the 
«ist  coast.  Most  of  the  tracts  yet  visited  on  the  east  side,  and 
richest  in  peculiar  forms,  have  been  too  much  above  the  level 
of  the  sea  to  allow  of  a  growth  of  tropical  vegetation,  that 
should  compare  with  that  of  India,  the  Indian  Archipelago,  or 
Brazil. 

It  would  seem  that  the  plants  of  the  east  and  west  sides  of 
equatorial  Africa  are  really  distinct.  On  the  eastern  side, 
where  Africa  touches  Arabia,  the  flora  of  the  coast  is  common 
to  the  two  countries.  The  Euphorbia  tribe,  however,  is  es- 
sentially African,  and  forms  a  connecting  link.  The  varieties 
«re  many  ;  but  they  are  not  generally  handsome  plants.     On. 
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the  west  coast  is  found  the  haohab  (Adansonia)  of  Senegal,  the- 
circumference  of  whose  stem  is  sometimes  double  the  height 
of  the  tree.  We  have  also  the  Pandanus  candelabrum,  rising; 
solitary  on  the  plains,  with  its  long,  forked  branches  and  stiff 
leaves ;  the  palm  oil  tree  on  the  coast,  and  the  mangrove  in  the- 
water.  These,  if  not  indigenous,  are  now  predominant  and' 
diaracteristic. 

Tropical  Arabia  is  as  remarkable  for  its  balsams  and  richly- 
scentlBd  gums,  as  the  islands  of  the  Indian  Archipelago  for 
spices,  and  South  America  for  its  gorgeous  colours.  Cofiee>. 
now  best  cultivated  there,  is  believed  to  have  come  from 
Ethiopia  ;  but  the  figs,  mimosas  and  date  palms  of  Arabia  are 
its  own.  The  extreme  dryness  and  great  heat  of  the  chmate 
appear  favourable  for  the  development  of  those  essential  oils- 
that  abound  in  the  odoriferous  plants  and  ilowers  of  this  part 
of  the  troipics. 

Out  (rf  the  tropics,  both  northern  and  southern  Africa  are 
rich  in  peculiar  forms  of  vegetation.  Towards  Europe,  indeed, 
the  vegetation  north  of  the  desert  is  nearly  identical  with  that 
of  the  Mediterranean.  Towards  the  equator,  the  tropical  cha- 
racter is  soon  recognised.  On  the  south  side  of  the  equator, 
the  interior  of  Africa  is  less  crowded  with  large  vegetation  than 
the  south  temperate  regions  of  South  America.  Almost  all 
the  plants,  also,  are  highly  characteristic.  With  a  poor  soU, 
dried  up  and  burnt  for  a  large  part  of  the  year,  the  heaths 
and  &ose  plants  called  by  botanists  Protea,  are  exceedingly 
varied.  The  Euphorbise,  also,  are  present  in  great  strength. 
These  succulent  plants,  grovring  into  trees  forty  feet  high,  often- 
of  the  strangest  form  and  shaped  hke  a  vast  candelabrum,  are 
entirely  vrithout  leaves,  and  are  covered  with  prickles.  The 
Zamia,  another  strange  and  representative  form,  is  also  com- 
mon. The  Euphorbias  represent  the  cactus  tribe,  and  the 
zamia  the  cycads,  but  they  are  quite  distinct  in  botanical 
character.  The  thomed  acacias  are  also  common  in  this  dis- 
trict, 

Australia,  like  South  Africa,  exhibits  highly  characteristic 
forms  of  vegetation.  The  gum  trees  (Eiicalyptus)  and  leafless 
aoacias  are  examples.  Even  the  former  are  dull  and  gloomy 
forms  of  vegetation,  while  the  latter  are  wintry  and  forbidding 
iu  the  extreme.  The  leaves  of  the  forest  trees  are  generally 
■of  a  daik  olive  green  colour,  and  are  very  narrow.     In  ths- 
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'northern  part,  close  to  or  within  the  tropics,  the  character  of 
the  vegetation  improves. 

It  must  not,  however,  be  supposed  that  there  is  no  beauty 
in  the  Australian  forests.  The  trees  are  often  rich  in  colour 
and  varied  in  form,  but  they  are  always  peculiar,  and  very 
distinct  in  aU  essentials  from  those  of  South  Africa.  Norfolk 
Island,  not  far  from  Australia,  is  the  home  of  the  ferns.  On 
the  other  hand,  only  one  species  of  tree  fern  is  found  in  Tas- 
mania, although  the  distance  is  so  short  that  the  islands  of 
New  Zealand  and  Tasmania  might  reasonably  be  supposed  to 
have  had  a  common  origin.  New  Zealand,  exceedingly  rich 
in  the  Coniferse,  or  pines,  is  also  well  supplied  with  species  of 
plants  not  elsewhere  known.  The  vegetation  in  that  country 
affords  a  multitude  of  forest  trees,  but  none  that  can  be  regarded 
as  representing  either  the  oak,  the  birch,  or  the  willow.  And 
yet  New  Zealand  is  nearly  the  antipodes  to  England. 

The  forests  on  the  banks  of  the  South  American  rivers  away 
from  the  tropics  are  almost  as  varied  and  beautiful  as  those 
close  to  the  equator,  and  contain  many  noble  trees  not  else- 
where found,  but  aflfording  admirable  timber  and  delicious 
fruit :  the  palm  and  cinchona  (yielding  Peruvian  bark)  abound, 
and  the  algaroba,  a  kind  of  acacia,  yields  a  bean  used  by  the 
J  ndians  both  for  bread  and  to  make  a  strong  fermented  liquor. 
The  aloe  and  the  cactus  abound,  especially  towards  the  moun- 
tains. From  the  former  is  obtained  a  valuable  fibre.  The 
cochineal  insect  feeds  on  the  latter.  The  gigantic  pines,  Arau- 
■  caria  imbricata,  of  Brazil,  and  Araucaria  excelsa,  of  Norfolk 
Island,  represent  the  effect  of  climate  in  developing  analogous 
forms,  without  real  resemblance  in  essentials.  The  valley  of 
the  Amazons  is  the  region  of  broad-leafed  plants. 

The  vegetation  of  North  America  in  the  north  temperate 
zone  may  conveniently  be  compared  with  that  of  Europe  in 
similar  latitudes.  There  is  a  certain  resemblance,  but  each 
has  a  distinctive  character.  Owing  to  the  presence  of  lofty 
mountain  chains  running  from  north  to  south,  the  plants 
adapted  to  the  colder  regions  of  the  north  are  found  at  gra- 
dually increasing  elevations,  till  we  reach  Mexico;  but  for 
the  same  reason  there  is  a  marked  difiference  between  the 
floras  of  the  eastern  and  western  divisions  of  the  country, 
^ven  on  the  two  sides  of  the  Alleghany  mountains  this  differ- 
ence has  been  observed ;   but  the  plains  west  of  the  Rocky 
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mountains  exhibit  in  a  more  marked  manner  a  yegetation  of 
their  own,  and  are  distinct  from  the  floras  of  the  central  plains 
on  the  eastern  shores. 

But  the  flora  of  the  middle  states  of  North  America,  in  a  lati- 
tude nearly  the  same  as  that  of  a  large  part  of  southern  Europe^ 
exhibits  very  striking  peculiarities.     The  evergreen  pines,  the- 
scarlet  oak,  the  yellow  beech,  and  the  purple  nyssa,  produce- 
in  autumn  the  most  marvellous  effects  of  colour;  and  under" 
the  bright  sky  that  prevails  on  the  Atlantic  shores  they  are 
brilliant  to  an  extent  hardly  conceivable  by  the  inhabitants  of 
our  cloudy  atmosphere.     In  these  cases,  however,  the  analogy 
is  great,  and  many  of  the  trees  belong  not  only  to  the  same 
natural  groups,  but  are  species  closely  allied  to  those  of  Europe. 
Others,  as  the  magnolia,  the  tulip  trees,  and  the  hibiscus, 
characteristic  of  North  America  from  Virginia  to  the  Gulf  of 
Mexico,  are  familiar  to  us,  as  having  been  introduced  succea- 
fully  into  Europe,  but  can  hardly  be  said  to  flourish  in  the' 
Old  World.     But,  notwithstanding  this,  the /act«s  of  vegetation 
on  the  two  sides  of  the  Atlantic  is  quite  distinct.     Largeness- 
of  dimensions  is  characteristic  of  the  American  as  compared 
with  the  European  trees.     The  Canada  poplar,  the  American, 
chestnut,  the  American  sycamore,  the  black  walnut,  and  the 
hiccory, — and  in  the  southern  States  the  pitch  pine  and  the 
cypress,  with  a  rich  under-growth  of  rhododendrons,  azaleas,- 
and  many  herbaceous  and  climbing  plants,  are  illustrations  of 
this  fact,  and  of  the  nature  of  the  difference  exhibited. 

There  are  in  North  America  two  wooded  regions,  separated 
by  vast  prairies,  where  grasses  and  herbaceous  plants  predo-. 
minate.     Magnificent  pines  and  many  other  timber  trees  are 
met  vrith  on  the  Pacific  shores,  and  these  are  distinct  from 
the  species  in  the  east.     Mexico  and  Central  America  combine 
to  some  extent  the  vegetation  of  North  and  South  America,, 
though  approaching  the  latter  more  nearly.     On  the  higher 
grounds  oaks,  chestnuts  and  pines  abound;  and  on  the  plains^ 
there  are  palms,  logwood,  mahogany,  and  other  equally  charac- 
teristic trees.     There  is  also  a  rich  vegetation  of  smaller  plants, . 
of  which  the  various  pepper  trees,  the  passion  flower  group, 
the  pine  apple,  the  tobacco  plant,  the  indigo  tree,  the  yucca, 
and  aloe,  and  the  yam,  are  familiar.     Species  of  the  cactus. 
tribe  range  widely  through  the  whole  country,  and  the  Indian^ 
com  or  maize  is  believed  to  be  indigenous.     The  sugar  caner 
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is  and  has  been  from  time  immemorial  common  to  both  the 
eastern  and  western  tropics,  and  has  also  a  wide  range. 

It  is  impossible  to  specify  all  the  peculiar  and  famihar  plants 
of  these  wide  tracts ;  but  it  will  be  evident,  even  from  these  brief 
references,  that  the  general  law  alluded  to  holds  good  in  all 
these  extreme  cases.  Wherever  there  is  a  broad,  natural  se- 
paration, either  by  deep  sea  or  lofty  mountain  range,  that  has 
endured  for  a  long  period,  the  vegetation  on  the  two  sides  of 
the  barrier  is  so  far  distinct  as  to  justify  the  conclusion  that 
has  been  suggested.  Islands,  for  the  most  part,  partake  of 
the  character  of  the  adjacent  main  lands ;  but  where  this  is 
not  the  case,  a  good  reason  can  generally  be  assigned.  Thus, 
the  vegetation  of  Madagascar  is  to  a  great  extent  peculiar  to 
that  island,  and  has  more  in  common  with  the  Mauritius  and 
the  Isle  of  Bourbon  than  with  India  or  Africa.  The  Sey- 
chelles islands,  ten  degrees  north  of  Madagascar,  have  a  re- 
markable palm  of  their  own.  The  Sandwich  group  and  other 
islands  in  the  Pacific,  with  the  other  islands  of  that  vast  archi- 
pelago, form  parts  of  a  great  natural  province,  very  distinct 
from  any  other ;  and  the  Galapagos  Archipelago,  entirely  vol- 
canic, has  a  peculiar  flora.  Although  under  the  equator,  and 
not  lofty,  these  islands  more  resemble  in  their  vegetation  the 
cooler  parts  of  Soutb  America  than  any  land  in  a  similar  lati- 
tude to  their  own. 

As  the  Rocky  Mountains  of  North  America,  so  the  Andes 
in  South  America  form  a  great  natural  barrier,  across  which 
there  is  little  or  no  emigration  of  plants.  No  doubt  an  extreme 
difference  of  climate  has  much  to  do  with  this,  but  the  fact  is 
reinarkable.  On  the  western  side  of  the  Andes,  on  the  coast 
of  ChUi,  and  far  down  into  the  south  temperate  zone,  the 
vegetation  has  a  singularly  tropical  character,  though  the  cli- 
mate is  more  excessive  than  in  corresponding  latitudes  in  the 
north  temperate  zone.  This  is  the  case  at  considerable  heights 
in  the  Andes  of  Chili  and  in  other  parts  of  the  same  great 
chain. 

Extreme  humidity  and  a  very  equable  climate  arc  charac- 
teristic of  the  islands  in  high  southerly  latitudes,  and  the  vege- 
tation corresponds  with  this  condition.  A  peculiar  evergreen 
beech,  and  another  well-marked  species,  range  very  far.  A 
hardy  arbutus  accompanies  them,  and,  with  certain  flowering 
plants,  these  extend  into  the  region  of  Alpine  plants,  mosses, 
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and  lichens.  Generally,  it  has  been  remarked  that  the  floras 
of  most  of  the  groups  of  islands  near  the  Antarc  ic  Circle,  far 
removed  from  each  other  in  longitude,  are  much  more  similar 
than  is  the  case  in  corresponding  latitudes  in  the  northern 
hemisphere,  even  though  lie  lands  are  there  connected  much 
more  closely. 

We  come,  lastly,  to  the  distribution  of  plants  in  the  tempe- 
rate regions  of  the  Old  World  and  in  the  Arctic  Circle — 
countries  varying  much  in  climate,  but  separated  caly  slightly 
by  mountain  ridges  of  small  elevation,  since  the  great  moun- 
tain chains  range  nearly  parallel  to  the  equator,  and  thus  do 
not  interrupt  the  passage  of  species  over  the  continuous  land 
stretching  uninterruptedly  from  vrest  to  east.  On  the  other 
hand,'  there  are  sufficient  breaks  in  the  mountain  chains  to 
allow  of  a  considerable  migration  from  north  to  south. 

Even  within  the  British  Islands  there  are  no  less  than  five 
botanical  districts,  indicating  many  migrations  that  have  taken 
place  when  our  islands  were  connected  geographically,  and  by 
land,  with  parts  of  Europe  from  which  they  are  now  quite 
separated.  Thus  the  flora  of  the  west  and  south-west  of  Ire- 
land is  like  that  of  the  south  of  Spain,  the  less  hardy  plants 
being  absent.  The  south  of  England  and  Ireland  resembles 
the  Channel  Islands — the  south-west  of  England,  Normandy 
and  Brittany — the  tops  of  the  Scottish  hills  agree  with  Scan- 
dinavia, and  much  of  the  middle  of  England  shows  a  near  re- 
semblance to  Germany.  Three  thousand  species  of  plants  have 
been  collected,  and  now  live  together  in  a  certain  degree  of 
harmony,  in  the  small  compass  of  England,  Wales,  Scotland 
and  Ireland ;  but  to  understand  the  relations  of  these  it  is 
necessary  to  travel  far  and  make  much  careful  comparison.  In 
a  word,  the  British  Islands  have  not  always  been  independent 
of  the  main  land  of  Europe — they  have  had  the  opportunity  of 
receiving  many  series  of  plants  one  after  another — they  have 
selected  from  each  that  which  was  best  adapted  to  the  pecu- 
liarities of  position  and  climate,  and  yet,  in  spite  of  all  struggle 
and  all  admixture,  it  is  not  difficult  for  the  botanist  to  point  to 
the  original  source  and  metropolis  of  each.  The  plains  to- 
wards the  Atlantic  and  the  hills  and  mountain  sides  with 
similar  exposure  are  very  different  in  essential  points  from  the 
moxmtains  of  Wales  and  Scotland,  and  the  hills  of  Englanu.. 
So,  also,  the  chalk  of  the  south-east  of  England  is  distinct 
from  the  oolitic  district,  and  this,  again,  from  the  new  red 
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-eandstone.  The  carboniferous  limestone  and  the  coal  mea- 
-«ures — the  old  red  sandstone  and  the  Silurian  rocks,  all  exhibit 
peculiarities,  and  show,  in  a  marked  manner,  both  the  elas- 
ticity and  the  rigidity  of  the  laws  that  govern  the  distribution 
of  plants  on  the  earth. 

Central  Europe  is  chiefly  characterised  by  deciduous  trees 
— trees  whose  leaves  fall  at  the  commencement  of  winter. 
Oaks,  elms,  beech,  ash,  maple,  lime,  alder,  sycamore,  larch, 
fir,  yew  and  pine  are  the  prevailing  species,  and  they  are  ac- 
companied by  a  moderate  undergrowth  of  wild  apple,  wild 
cherry,  holly,  hawthorn,  broom,  furze,  wild  rose,  honeysuckle; 
clematis.  In  the  open  ground  we  find  carrot  and  anise — the 
family  containing  lettuce,  endive,  &a.,  and  that  of  which  the 
turnip,  cabbage  and  cress,  the  wall-flower  and  the  stock  are 
^familiar  examples.  These  latter  are  eminently  characteristic 
•of  middle  Europe,  and  they  are  almost  confined  to  the  nor- 
thern hemisphere.  They  occupy  the  plains  and  low-lands, 
and  occasionally  the  plateaux.  The  mountain  sides  and  tops 
are  Arctic  in  their  vegetation.  The  grasses  include  wheat, 
and  towards  the  northern  extremity,  barley  and  oats. 

South  of  the  mountain  chain  we  find  numerous  evergreens 
— trees  which  only  part  with  the  leaves  of  one  season  when 
they  are  driven  off  by  those  of  the  next.  The  Uex  and  cork 
oak,  the  cypress,  the  hornbeam,  the  sweet  chestnut,  the  laurel 
and  laurustinus,  the  oarob  and  juniper,  the  arbutus  and  myrtle, 
the  jasmine,  and  many  kinds  of  pine,  especially  the  Pimis 
7nantima,  and  the  stone  pine  (P.  pinea),  are  characteristic  in 
a  high  degree.  Aromatic  herbs  and  beautiful  flowering  plants 
are  here  indigenous.  The  anemone  and  tulip,  the  mignonette, 
narcissus,  gladiolus,  lilies  of  many  kinds,  and  the  carnation, 
though  flourishing  by  careful  cultivation  further  north,  are 
here  native.  The  balsams,  the  oleander,  some  palms,  grasses 
be.iring  millet  and  maize,  many  large  se'dges,  the  aloe  and  the 
cactus,  also  take  their  place  on  the  shores  of  the  Mediterra- 
nean, while  the  grape-vine,  the  olive,  and  the  orange  and 
lemon  flourish  almost  as  freely  as  in  their  native  habitats. 

As  we  advance  eastwai-ds,  however,  the  conditions  of  climate 
<;hange,  and  the  characteristic  vegetation  changes  also.  Syria 
dud  Asia  Minor  are  common  ground,  and  partake  both  of  the 
east  and  west.  The  almond,  the  oleander  and  the  locust  tree 
are  derived  hence ;  the  walnut,  peach,  melon  and  cucumber, 
and  some  of  the  many  ranunculi,  come  from  Persia ;  -the  data 
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palm,  fig,  olive,  vine  and  apricot  are  believed  to  have  been  in-- 
troduced  &om  Armenia ;  \ttiile  on  the  Black  Sea  we  have 
species  of  rhododendron  and  azalea  from  the  Himalayas. 

The  rich  valleys,  opening  out  from  the  lofty  mountains,  in 
warm  temperate  latitudes  of  western  Asia,  yield  the  oriental 
plane,  many  odoriferous  shrubs,  acacias,  mimosas,  the  jujube 
and  the  tamarisk.  In  spring  they  are  covered  with  clover, 
thyme  and  violets.  The  steppes  a  little  to  the  north  are  also 
dothed  with  innumerable  flowei-s  and  grasses  in  spring,  and 
when  attended  to  yield  incredibly  large  crops  of  wheat,  with- 
out other  cultivation  than  an  occasional  fallow. 

The  deserts  on  the  northern  side  of  the  mountain  chain  of 
central  Asia  are  dry  and  bui-nt,  but  they  afford  food  for  nume- 
rous herds.  They  separate  the  floia  of  western  from  that  of 
eastern  Asia,  as  exhibited  in  China  and  in  the  Japanese  Is- 
lands. The  tea  plant  is  one  of  the  most  important  of  the 
cultivated  plants  of  the  Chinese  flora.  It  is  a  hardy  species 
of  camellia,  and  is  associated  with  many  shrubs,  not  ranging. 
widely,  though  capable  of  being  cultivated  in  other  countries. 
With  a  certain  resemblance  in  climate,  there  is  a  very  marked 
and  important  difference  between  the  flora  of  the  Pacific  and 
that  of  the  Atlantic  coast  of  the  Old  World,  in  similar  lati- 
tudes. 

Very  wide  tracts  of  northern  Asia,  and  some  parts  of  the 
extreme  north  of  Europe,  are  characteiised  by  Arctic  vegeta- 
tion. The  pine,  the  birch  and  the  willow  here  replace  the 
oak,  the  beech  and  other  forest  trees ;  poplars,  elms,  and  the 
Siberian  pine  are  equally  different  and  equally  characteristic. 
The  black  birch  is  associated  with  rhododendrons,  and  each 
terrace  of  the  mountain  chains,  or  each  parallel  of  latitude,  ex- 
hibits in  Its  flora  the  amount  of  its  departure  from  the  tempe- 
rate zone.  Most  of  the  species  are  distinct,  even  where  the 
resemblance  is  sufficient  to  have  given  to  the  food  ami  other- 
plants  the  same  names  as  those  by  which  the  corresponding 
species  are  known  in  other  lands.  Wheat,  barley  and  buck- 
wheat, and  further  north,  or  at  a  higher  level,  oats,  are  also 
grown,  but  they  have  been  introduced.  Only  a  remarkable 
grass  and  a  few  stunted  forest  trees  are  indigenous.  Most  of 
the  food  plants  have  been  reduced  to  their  present  condition 
as  cultivated  varieties  from  time  immemorial. 

Still  further  north  the  vegetation  is  altogether  stunted  and 
trees  disappear.     The  gentian,  certain  kinds  of  stonecrops. 
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and  a  kind  of  pansy  still  remain,  but  these,  also,  give  way 
before  long  to  lichens  ;  the  last  remains,  as  the  first  commence- 
ment, of  vegetable  life.  The  woody  plants  have  now  disappeare4» 
entirely,  and  there  are  left,  at  the  most,  a  few  plants  not  rising- 
more  than  two  or  three  inches  from  the  ground. 

In  aJl  these  different  places,  then,  and  at  all  elevations^- 
there  are  certain  tracts  of  land  in  which  certain  plants  occupy 
the  principal  space.  They  may  and  do  extend  beyond,  but  in 
that  case  they  cease  to  be  representative  and  characteristiiv 
©ther  kinds  come  in  and  perform  the  same  part  in  nature, 
destroying  or  obscuring  the  types  where  they  meet  on  neutral 
ground,  but  very  often  representing  very  closely  the  species  exist- 
ing under  similar  circumstances  elsewhere.  There  are,  doubV 
less,  some  few  species  of  almost  universal  range,  as  there  are  • 
others  limited  to  an  exceedingly  small  area,  but  for  the  most 
part  the  range  is  kept  within  definite  limits. 

There  is  an  important  vegetable  growth  in  the  sea,  dififerent 
in  many  respects  from  that  belor;.  Sag  to  the  land,  though  • 
there  are  certain  land  plants,  such  k  .  the  mangrove,  that  can- 
esist  permanently  in  salt  water.  The  marine  plants,  com- 
monly so  called,  are  of  two  kinds,  one  jointed  and  thread-like, 
of  which  the  conferva  are  examples,  and  the  other  leafy,  glu- 
tinous and  sometimes  woody.  They  are  often  attached  to- 
stones,  but  many  kinds  are  provided  with  air  bubbles  to  float 
them,  and  exist  permanently  on  the  surface.  The  remarkable 
appearance  of  the  Sargasso  Sea  in  the  Atlantic  is  due  to  the- 
presence  of  an  incredible  quantity  of  this  second  kind  of  weed. 
Certain  of  the  marine  plants  are  flower-bearing,  but  these  are  - 
veiy  limited  in  their  range,  and  are  confined  to  coast  lines. 
Most  of  them  are  cryptogamic,  and  some  of  them  range  very- 
widely. 

Dr.  Hooker  has  distinguished  ten  provinces  possessing- 
marked  peculiarities  of  marine  vegetation.  There  are  also- 
provinces  of  depth ;  but  these  are  less  known,  and  apparently 
less  important,  though  varieties  of  colour  and  growth  are  very 
marked.  Eight  marine  provinces  have  been  described.  These 
are — (1)  The  Northern  Ocean,  near  the  Pole,  where  there  are- 
numerous  forms  of  very  simple  structure,  incredibly  abundant 
under  certain  circumstances,  and  ranging  to  great  depth. 
(2).  The  North  Atlantic,  where  several  species  of  fucus  are- 
characteriBtic.  (3).  The  Mediterranean,  where  the  water  ia< 
warmer  and  the  growth  very  distinct.     (4).  The  tropical  At- 


^80  LIFK. 

iantic,  where  the  sargassum  or  gulf-weed  is  found,  with  many 
others.  (5).  The  Antarctic  region  is  also  peculiar,  and  con- 
tains many  special  forms  of  enormous  dimensions,  forming 
suhmarine  forests  of  tangled  weed,  sometimes  SOO  feet  long, 
■growing  off  Patagonia,  on  the  western  coast  of  South  America, 
and  among  the  Falkland  Islands.  (6).  The  Australian  and 
New  Zealand  region  is  quite  distinct.  It  includes  nuuiy 
British  species.  (7).  The  Indian  Ocean  and  Ked  Sea;  and 
(8),  the  Japan  and  China  Seas. 

The  larger  and  more  highly  organised  forms  of  marine  plants 
are  for  the  most  part  widely  spread  and  easily  recognised; 
but  there  is  not  umfrequently  to  be  recognised  on  water  a  dull 
'filmy  appearance,  or  brewn  stain ;  and  this  being  examined, 
is  found  to  consist  of  small  groups  of  cells  which  multiply 
with  a  marvellous  rapidity.  Each  one  of  these  obtains  from 
sea  water  minute  particles  of  flint,  which  are  deposited  in 
plates  covered  with  lines,  and  marked  with  the  most  elegant 
patterns.  The  cells  themselves,  being  simple  vegetable  jh-o- 
ductions,  decay  almost  as  rapidly  as  they  form,  but  the  atoms 
of  flint  within  which  each  is  enclosed  are  permanent,  and  sink 
down  in  time  to  the  bottom  of  the  sea.  To  such  an  extent 
•  do  they  multiply  that  in  the  South  Pacific  Ocean  there  is  one 
heap  which  covers  a  space  400  miles  long  and  120  miles 
broad :  the  thickness  being  great  and  rapidly  increasing. 
Elsewhere  similar  rapid  accumulations  are  being  made  by 
means  apparently  not  less  inadequate.  Thus  the  Eed  Sea 
and  Indian  Ocean  abound  with  a  conferva  resembling  chopped 
hay,  which  is  found  also  in  the  Atlantic,  off  the  shores  of 
Brazil.  The  Japan  and  China  Seas  exhibit  other  pecuharities, 
and  belong  to  a  distinct  region. 

It  is  clear,  then,  that  a  general  resemblance  in  the  condi- 
tions of  existence  in  different  parts  of  the  world  does  not  in- 
volve identity  of  vegetable  species,  for  in  many  cases  where 
the  climate  is  equally  favourable  in  distant  spots  the  species 
are  not  the  same.  Thus,  in  South  Africa,  New  Zealand, 
Australia,  and  South  America,  we  have  four  large  and  im- 
portant districts  not  very  dissimilar  in  climate,  and  all 
certainly  capable  of  similar  growth  within  certain  limits. 
There  are  otiier  districts  north  of  the  equator  that  might  well 
compare  with  these  in  point  of  climate,  but  if  we  limit  the 
Comparison  to  those  on  the  same  side,  we  still  find  only  re- 
:-presentative  species — hardly  auy  that  are  identical.     On  the 
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other  hand,  we  may  introduce  the  heaths  of  South  Africa  into- 
Europe  with  success,  just  as  we  can  cultivate  the  potato  and' 
grow  excellent  tobacco.  It  is  certain  that  species  introduced 
artificially  may  be  quite  as  well  adapted  to  the  climate  and 
soil  of  a  country  as  if  they  had  grown  there  naturally,  and  it 
is  impossible  not  to  repeat  the  inquiry  already  so  often  sug- 
gested ;  namely,  why  it  is  that  so  marked  a  difference  should, 
esist  in  the  natural  productions  of  similar  climates  in  dif- 
ferent parts  of  the  world  ? 

The  view  that  from  time  to  time  new  centres  of  creation- 
have  been  formed,  and  sets  of  plants  introduced  of  specie* 
entirely  new,  is  that  which  till  lately  has  been  most  usually 
adopted  by  naturalists.  It  has  seemed  to  agree  with  the 
idea  that,  from  time  to  time  there  have  been  great  geolo- 
gical changes,  acting  so  vddely,  and  in  a  manner  so  com- 
plete, as  to  alter  entirely  the  general  face  of  the  earth,  and. 
start  as  it  were  from  a  fresh  point.  This  view  is  not  sup- 
ported by  modem  discoveries  in  science.  There  is  no  proof 
of  any  such  convulsive  movements  involving  universal  destruc- 
tion. Neither  is  there  proof  of  any  corresponding  destruction, 
of  species.  That  new  forms  have  occasionally  been  introduced, 
adapted  to  changed  conditions,  is  certain.  How  or  when  they 
have  been  produced  is  still  a  mystery.  We  must  return  to  this 
subject  after  considering  the  distribution  of  animals,  and  the- 
histoiy  of  species  in  time  as  well  as  space. 


CHAPTER  XIX. 

THE  DISTEIBUTION  OF  iJTIMALS  ON  THE  BABTH. 

"The  distribution  of  groups  of  species  of  animals  on  the  earth, 
and  the  limitation  of  species  to  definite  areas,  is  not  less  dis- 
tinctly traceable  as  a  great  law  of  nature  than  the  distribution 
■of  plants  in  distinct  regions.  In  animals,  no  doubt  there  is  a 
greater  power  of  locomotion  and  of  adaptation  than  in  plants. 
Even  the  animals  that  appearTnost  fixed,  as  those  inhabiting 
■shells,  have  in  many  cases  ample  power  of  migration  at  some 
;period  of  their  existence,  while  certain  tribes — as  fishes  and 
birds — would  seem  able,  if  they  desired,  to  find  convenient 
"habitats  in  all  parts  of  the  element  to  which  they  belong. 
But  in  spite  of  this  there  is  the  same  general  grouping  observ- 
able. Species  appear  to  have  originated  in  certain  centres. 
From  these  they  have  extended,  but  they  have  not,  as  a 
general  rule,  reached  beyond  a  certain  point.  There  is  a 
kind  of  magic  circle  from  which  they  do  not  naturally  escape, 
although,  if  removed  from  its  influence  by  man,  they  may  not 
only  exist  and  flourish,  but  even  destroy  the  indigenous  species. 
The  case  of  the  horse  affords  a  good  illustration  of  this  fact. 
The  native  home  of  the  horse  is  in  the  vast  plains  of  western 
Asia ;  and  all  the  ftiyriads  peopling  the  plains  of  South  America 
are  descendants  of  the  few  introduced  by  the  Spaniards  only 
a  few  centuries  ago.  But  the  breed  is  now  wild,  and  has 
taken  possession  of  the  country,  thrusting  out  other  animals 
that  once  inhabited  the  South  American  plains.  So  in  Austra- 
lia, the  dog  introduced  by  the  English  will  before  long  drive 
out  and  destroy  the  Australian  dog  ;•  and  the  whole  marsupial 

*  There  is  a  prevalent  opinion  among  the  settlers  that  the  dingo,  or 
-native  Australian  dog,  is  reall;  the  descendant  of  dogs  left  by  Captain 
'Cook. 
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tribe,  once  the  prevailing  type  in  Austi-alia,  will  soon  become 
•extinct.  In  civilized  countries  the  wild  animals  die  off  by 
■degrees,  and  thus  the  wolf  and  the  beaver  have  left  England, 
and  many  feline  species  are  driven  out  of  Europe.  Some 
tmimals,  such  as  the  dodo,  common  a  few  centuries  ago  in  tlie 
island  of  Bourbon,  have  become  extinct,  and  no  Uving  indi- 
-vidual  seems  left  to  gratify  our  curiosity.  It  has  often  been 
-observed  that  the  rat  indigenous  to  England,  has  been  driven 
out  by  the  more  vigorous  species  of  the  same  animal  that  has 
come  over  from  northern  Germany.  Many  other  examples 
might  easily  be  found  illustrating  the  same  fact,  and  showing 
that  what  may  happen  when  species  are  artificially  introduced 
by  man  does  not  happen  in  a  state  of  nature. 

At  the  same  time,  it  must  not  be  forgotten  that  the  intro- 
duction of  man  was  a  part  of  the  great  plan  of  nature,  and 
therefore  that  all  the  modifications  he  has  effected  are  in  all 
probability  nothing  else  than  useful  and  suggestive  illustra- 
tions of  what  is  done  to  a  greater  or  less  extent  by  all  species. 
The  introduction  of  man  on  the  earth,  and  even  the  civilisa- 
tion of  certain  races,  to  some  extent,  is  now  known  to  date 
■very  far  back  in  the  history  of  the  world. 

No  doubt  it  is  a  principle  or  law  of  nature  that  the  method 
adopted  in  providing  inhabitants  for  any  district  involves  a 
■special  adaptation  to  the  peculiar  conditions  of  the  district, 
especially  its  position,  its  elevation,  its  climate,  rain-fall,  and 
soil.  But  even  when  there  is  a  marked  and  close  resemblance 
in  these  respects  in  distant  lands  there  is  no  absolute  repeti- 
tion of  identical  species.  Some  essential  difference  is  almost 
invariably  traceable,  although,  perhaps,  there  may  be  a  very 
close  external  resemblance  in  addition  to  identity  of  habit. 
Such  is  the  case  in  a  very  marked  degree  with  the  inhabitants 
of  the  land,  both  in  horizontal  and  vertical  space. 

A  precisely  similar  method  or  law  may  be  enunciated  in 
reference  to  the  distribution  of  marine  animals.  Regions  of 
depth  correspond  witli  zones  of  elevation,  the  inhabitants  being 
Affected  by  the  rock  bottom  much  as  the  dwellers  on  land  are 
by  the  soil.  So  clearly  defined  are  these  regions  that  in  a 
particular  part  of  the  Mediterranean,  between  Greece  and 
Asia  Minor,  where  the  facts  were  carefully  observed  some  years 
ago  by  the  late  Professor  E.  Forbes,  we  find  it  remarked, 
that  "  certain  species  in  each  are  fo^nd  in  no  other,  and  several 
are  found  in  one  region  which  do  not  range  into  the  next 
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above,  whilst  they  extend  to  that  below,  or  vice  versd.  Cer- 
tain species  have  their  maximum  of  development  in  each  zone^ 
being  most  prolific  in  individuals  in  that  zone  in  which  is  their 
maximum,  and  of  which  they  may  be  regarded  as  especially 
characteristic.  Mingled  vrith  the  true  natives  of  every  zone 
are  stragglers,  owing  their  presence  to  the  action  of  the  second- 
ary influences  which  modify  distribution.  !Each  zone  is  capable 
of  subdivision  into  smaller  belts,  distinguished  for  the  most, 
part  by  negative  characters  derived  from  the  cessation  of 
species."* 

The  animal  kingdom  is  distributed  partly  in  the  water, 
partly  on  the  surface  of  the  earth,  and  partly  in  the  air.  In 
illustrating  their  distribution,  it  is  convenient  to  consider  the 
inhabitants  of  these  diflerent  parts  of  the  earth  separately;^ 
and  we  may  conveniently  begin  by  an  account  of  those  met 
■with  chiefly  in  the  water. 

The  inhabitants  of  the  sea  are  varied  and  multiplied  to  an 
extent  often  little  appreciated.  All  classes  of  animals  there 
find  representatives,  and  some  are  almost  or  entirely  confined 
to  water  as  the  element  in  which  they  live  and  breathe.  Ot 
the  mammals,  or  sucking  animals, — ^the  quadrupeds  of  every- 
day life — there  are  numerous  examples,  not  less  remarkable 
for  their  vast  proportions  than  for  their  usefulness  to  man. 
The  whales  of  all  kinds  haunt  the  open  ocean,  some  of  them 
beii^  the  largest  animals  in  creation.  The  common  whalebone 
whale,  sixty  feet  long,  and  whose  head  alone  measures  twenty 
feet  in  length,  ■weighs  not  less  than  seventy  tons  when  in  con- 
dition. This  animal  is  unable  to  take  within  its  capacious- 
jaws  any  substance  except  the  most  minute  and  soft  animal 
matter,  and  feeds  on  food  apparently  quite  inadequate  to  sus- 
tain such  gigantic  life.  Other  whales  are  still  larger  and  yet 
more  strangely  proportioned,  and  are  supplied  with  different 
food,  generally,  however,  cuttle-fish  and  odier  small  animals. 
All  kinds  are  capable  of  extremely  rapid  motion  through  die 
water,  and  are  admirably  adapted  to  the  element  they  inhabit. 

Other  large  and  cumbrous  animals,  suckling  their  young; 
and  provided  with  at  least  the  rudiments  of  arms  and  legs, 
though  externally  fish-like,  are  often  met  ■with  in  high  lati- 
tudes, and  occasionally  characterise  even  tropical  seas.     Some 

•  E.  Forbes.  Beport  of  .ffigean  Invertebrata.  Brit.  Abboc  Eep- 
18«,  p.  155. 
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of  these,  such  as  the  seal  and  walrus,  are  quite  distinct  from 
the  whales,  while  others  approach  the  latter  far  more  nearly 
in  their  structure.  The  dugong  and  the  manatee  are  of  this 
kind,  and  from  their  occasional  habit  of  swimming  vrith  theit 
calf-like  heads  out  of  the  water,  they  have  given  rise  to  a  larg* 
class  of  stories  of  fabulous  animals,  of  which  the  mermaid  and 
perhaps  the  great  sea-serpent  may  serve  as  illustrations.  The' 
larger  seals,  as  well  as  these  sea  cows  (as  the  manatee  is  called), 
yield  much  valuable  oil,  and  are  killed  off  very  rapidly  for  this 
purpose.  More  than  three  millions  of  seals  are  reported  ta 
have  been  taken  on  one  group  of  islands  in  Behring's  Straits 
in  the  fifty  years  terminating  in  1833.  The  walrus  is  a  fiercer, 
animal  than  the  seal,  and  not  unfrequently  attacks  its  human 
enemies.  The  white  or  polar  bear  and  the  sea  otter  may  also, 
be  regarded  as  marine  animals,  since  they  live  almost  entirely' 
on  or  under  the  ice,  where  they  obtain  their  food,  rarely  ap-. 
proaching  land. 

The  birds  that  belong  to  the  sea  are  very  curious,  and  their 
numbers  beyond  all  calculation.  Every  naked  rock  or  surf- 
beaten  cliff  that  rises  over  the  immeasurable  deserts  of  oceai^^ 
is  the  refuge  of  myriads  of  sea-birds ;  every  coast,  from  the 
poles  to  the  equator,  is  covered  vrith  their  legions,  and  far' 
from  the  land  their  swarms  hover  over  the  solitudes  of  the' 
deep. 

The  penguins  are,  perhaps,  of  all  others  the  birds  that  most, 
widely  depart  fi:om  ttie  ordinary  type  of  their  class.  Their 
wings  are  adapted  exclusively  for  motion  in  water,  and  they,' 
swim  vrith  such  rapidity  and  perseverance,  vrith  the  head  alone 
out  of  water,  that  they  frequently  overtake  fishes  in  fair  pur-, 
suit  They  live  in  the  sea,  and  have  been  met  with  a  thousand . 
miles  from  the  nearest  known  land.  The  larger  birds  of  this , 
kind  sometimes  weigh  as  much  as  eighty  pounds,  and  in  their ' 
stomachs  have  been  found  ten  pounds'  weight  of  pebbles  and" 
large  stones,  swallowed,  no  doubt,  to  assist  the  gizzard  to  pouii^^_. 
up  the  food  submitted  to  its  action.  ,  I't 

The  frigate-hird,  the  petrel,  and  the  albatross,  seem'.,to^ 
range  through  the  air  over  the  whole  extent,  from  coast  ]ta^ 
coast,  of  the  Atlantic  and  Pacific  Oceans.  The  pelican,,  al|p', . 
and  the  cormorant,  are  far  more  nearly  dependent  on  water  j 
than  laud.  They  are  all  birds  of  powerful  and  rapid  ffight*. 
febdihg  on  fishes,  and  rarely  seen  far  inland,  though  'i^fte'a 
stiet«3hins  to  great  distances   across  wide  expanses  of  sea/ 
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Thanks  to  them,  we  have  those  accumulated  masses  of  guano 
which  help  to  fertilise  our  lands.  Some  idea  of  the  extent  of 
these  masses  may  be  obtained  when  it  is  stated  that,  on  the 
island  of  Iquique  alone,  upwards  of  six  millions  of  cubic  feet 
of  guano  have  been  removed  within  the  last  thirty  years,  while 
in  the  year  1854,  not  less  than  half  a  million  of  tons  were  ex- 
ported from  the  Ghincha  Islands. 

Although  there  is  no  reliable  evidence  of  the  existence  in 
the  ocean  of  a  gigantic  reptile  resembling  a  serpent,  there  are 
undeniable  sea-snakes,  poisonous,  but  of  no  large  dimensions, 
lizards  also,  three  or  four  feet  long,  and  inofifensive,  are  met 
■with  in  the  Pacific,  and  turtles  of  large  size  are  common 
throughout  the  warmer  seas,  being  occasionally  drifted  into 
cool  latitudes.  Green  turtles  from  the  West  Indies,  nearly 
half  a  ton  in  weight,  have  even  been  taken  on  our  own  shores. 
These  animals  live  entirely  at  sea,  only  visiting  warm  shoals 
for  the  purpose  of  laying  their  eggs,  which  are  hatched  in  the 
eon.  Turtles  of  enormous  size  have  also  been  found  in  the 
warm  seas  of  northern  Australia. 

We  are  apt  to  look  upon  fishes  as  the  only  fit  tenants  of  the 
\rater,  and  doubtless  they  are  in  some  respects  the  most  cha- 
racteristic of  all,  the  strangest  in  form,  and  the  most  distinctlj 
adapted  to  such  a  medium.  And  although  we  find  in  water 
quadrupeds,  birds,  and  reptiles,  they  all  exhibit  exceptional 
modifications  of  the  structure  of  animals  which  breadie  air, 
and  are  usually  organised  to  move  on  land  or  through  the 
atmosphere.  On  the  other  hand,  it  is  a  rare  exception  to 
find  fishes  capable  of  existing  for  more  than  a  short  time 
out  of  water.  This  is  well  known  to  be  the  case,  although 
we  certainly  have  the  flying  fish,  that  leaps  through  the  air, 
the  perch  that  climbs  trees,  the  frog-fish  that  can  crawl  about 
a  room,  the  hassar  that  travels  a  whole  night  from  one  pool  to 
another,  and  the  goby  that  burrows  deeply  into  clay. 

Fishes  breathe  by  means  of  the  air  contained  in  water,  and 
are  suffocated  if  their  gills  or  breathing  apparatus  become  dry. 
They  move  not  only  by  fins  and  tail-contrivances  of  the  nature 
of  flexible  oars,  well  adapted  to  beat  the  water,  but  also  by 
means  of  the  wonderful  flexibility  of  their  bodies,  which  glide 
and  slip  through  the  water  with  perfect  ease.  Living  in  a 
medium  of  nearly  the  same  specific  gravity  as  themsetves, 
they  have  scarcdy  any  weight  to  support,  and  float  at  any 
depUi  without  effort.     Some,  indeed,  are  usually  limit,"^  to 
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-certain  depths,  but  this  seems  rather  for  the  sake  of  food  than 
for  any  other  reason. 

Fishes  move  with  a  rapidity  impossible  to  other  animals 
■whose  density  being  much  greater  than  the  medium  they  move 
through,  the  animal  needs  constant  muscular  effort  to  advance 
at  all.  Thus,  we  find  that  when  a  ship  is  mailing  or  steaming 
at  its  swiftest  speed,  fishes  will  quietly,  and  without  apparent 
effort,  swim  round  and  round  the  ship  as  if  she  were  at  rest, 
and  continue  to  accompany  her  from  day  to  day  foi  hundreds 
of  miles.  No  words  can  do  justice  to  the  bright  colours,  the 
quaint  and  droU.  or  ugly  forms,  or  the  singular  appendages  of 
fishes. 

The  Ray  of  warm  seas,  with  its  broad,  flat,  angular  body, 
twelve  or  fifteen  feet  wide,  terminated  by  a  tail  five  feet  long, 
armed  with  a  shajp  arrow  point,  conveying  poison  to  the  wound 
it  makes,  is  as  unsightly  and  disagreeable  an  animal  as  can 
■well  be  imagined,  while  the  little  sea-horse  of  the  Mediter- 
ranean is  in  the  highest  degree  picturesque,  resembling  the 
mediaeval  figures  of  a  flying  dragon.  The  globe-fish  and  por- 
cupine-fish are  bladders  stuck  all  over  with  spines ;  the  sun-fish 
resembles  the  head  and  shoulders  of  a  larger  animal  cut  off 
shortly  and  abruptly  by  some  accident ;  the  sea-wolf  attains  a 
length  of  sis  or  eight  feet,  and  has  a  formidable  apparatus  of 
teefii,  compared  -mth  which  even  the  alligator  or  the  shark 
seems  powerless;  the  sword-fish  and  saw-fish  are  provided 
■with  weapons  capable  of  piercing  and  being  completely  buried 
in  the  keel  of  a  ship ;  and  a  curious  fish  called  the  angler,  or 
sea-devil,  catches  its  food  by  means  of  a  natural  line,  consisting 
of  two  slender  appendages  to  the  head,  slightly  flattened  and 
broadened  at  the  extremity,  which,  by  their  colour,  attract  the 
unwary  prey  while  the  owner  is  buried  in  mud  or  sand. 

The  sea  is  highly  important  as  a  never-failing  source  of  food 
to  the  human  race ;  but  the  prejudice  that  exists  with  regard 
to  particular  kinds  of  fish  is  often  so  strong,  that  no  motive  or 
hard  necessity  is  sufficient  to  induce  a  hungry  population  to 
try  the  experiment  of  converting  them  into  food. 

There  are,  however,  some  kinds  of  which  the  consumption 
is  almost  inconceivably  large.  In  shoals,  miles  in  length,  and 
so  thickly  congregated  that  there  is  no  room  for  a  boat,  the 
common  herring  rushes  annually  to  the  north-western  coast  of 
Europe,  filling  all  the  lochs,  fiords,  and  inlets  from  Norway  t» 
Nonnandy.    More  than  half  a  million  fish  have  been  taken  in 
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one  night  by  a  single  boat.  Upwards  of  200  millions  of  fish, 
have  been  exported  in  one  year  from  one  port  in  Sweden,  and, 
about  four  hundred  sloops  are  employed  in  the  herring  trade 
at  Yarmouth,  three  of  which  alone,  belonging  to  the  same  pro- 
prietor, landed,  in  the  year  1857,  nearly  four  millions  of  fishes.. 
Nor  is  the  herring  the  only  animal  thus  abundantly  supplied  ; 
instances  are  on  record  of  35  millions  of  pUchards  haying  been, 
taken  on  shore  in  one  port  in  a  single  day.  Even  of  cod,  a 
much  larger  fish,  the  quantity  taken  each  season  cannot  average 
less  than  250  millions ;  and  other  fish,  as  the  mackerel,  the 
salmon,  and  the  tuimy,  rank  among  the  principal  food  at  cer- 
tain seasons  of  the  year,  of  large  populations  of  several  Euro- 
pean countries. 

Nature  has  amply  provided  for  this  vast  ccnsumption  and. 
destruction  of  full-grown  fishes.  The  cod  annually  produces 
more  than  nine  millions  of  eggs,  and  the  sturgeon  more  than 
seven  millions:  while  flat-fish,  mackerel,  and  herrings,  all 
multiply  by  miUions  to  maintain  their  kinds  against  their  nu- 
merous enemies.  There  is  no  fear  of  the  supply  of  fish  failing 
out  of  the  ocean,  but  almost  all  kinds,  especially  those  which 
come  in  large  multitudes  at  fixed  seasons,  are  subject  to  occa- 
sional and  apparently  capricious  wanderings.  The  varieties 
of  temperature  during  different  seasons,  may  in  some  measure 
account  for  this,  but  not  entirely ;  and  the  open  water  habits 
of  the  animals  require  more  study  than  has  hitherto  been  de- 
voted to  them  to  enable  us  to  determine  many  points  in  their 
natural  history. 

Fishes  are  chiefly  obtained  from  near  shore  or  in  shaUoir 
water,  but  there  is  no  reason  to  doubt  that  they  occasionally 
occupy  considerable  depths.  The  crustaceans,  also — fiie  crabs 
and  lobsters,  the  shrimps  and  prawns  and  cray-fish — are  met 
with  exclusively  in  the  neighbourhood  of  land  or  in  some  of 
those  great  masses  of  seaweed  that  float  in  open  water  in  the 
mid-Atlantic.  Crustaceans  are  very  curious  animals.  Com- 
mencing life  with  a  head  preposterously  large  in  proportion  ttt 
its  size,  the  young  crab  emerges  from  the  egg  with  a  long  forked: 
tail,  but  no  body,  and  occupies  its  time  in  turning  head  over 
heels  till  it  casts  its  first  covering  and  alters  its  proportions. 
The  true  and  recognisable  crab  does  not,  however,  even  then 
appear :  this  singidar  form  being  at  last  elaborated  after  a 
series  of  changes  and  transformations  which  can  only  be  Ukened' 
to  those  of  a  pantomime.     Of  the  crabs ,  some  occupy  their  own. 
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mansions,  which  they  leave  periodically  as  their  subittance  in« 
CTsases  and  requires  larger  accommodation  •  while  others,  not 
constructing  houses  for  themselves,  occupy  shells  which  they 
seize  for  the  occasion,  and  whicb  would  seem  suitable  enough, 
if  one  may  judge  from  the  tenacity  with  which  the  tenant  re- 
tains possession. 

The  lobster,  the  prawn,  and  the  shrimp,  are  less  varied  in 
their  habits.  They  all  change  their  shells  from  time  to  time 
as  they  grow  too  large  for  them,  and,  during  the  period  of 
change,  conceal  themselves  in  holes  and  mud. 

The  little  complicated  shells  which,  under  the  name  of 
barnacles,  adhere  to  ships'  bottoms,  or  which,  under  the  title 
of  balanus,  are  found  on  every  rock,  and  on  many  shells  by 
the  sea  side,  are  also  crustaceans.  Many  others  exist,  adding 
to  the  list  of  marine  animals,  and  each  is  important  in  ite  own 
sphere. 

Of  annelids  or  worms,  a  few  are  strictly  marine,  and  among 
these  are  some  that  are  the  most  curious  and  most  highly- 
coloured,  as  well  as  the  most  puzzling,  of  the  creatures  in- 
habiting salt  water.  The  sea-mouse  is  one  of  them;  the 
■serpula,  its  tufted  head  projecting  from  a  stony  tube,  is 
another;  some,  again,  assume  for  defence  particles  of  sandj 
■shell,  or  stone  :  while  others  are  able  to  pierce  stone,  and  eat 
into  almost  any  substance  they  come  in  contact  with. 

Of  all  annelids,  few  are  more  interesting  than  the  unknown 

inhabitant  of  a  little  tube  brought  up  from  the  sea  bottom, 

beneath  some   miles   of  water.     At  this  vast  depth  living 

animals  are  to  be  found,  and  among  them  are  representatives 

of  those  who  penetrate  all  organic  substances  in  search  of 

food.     Fears  might  reasonably  be  obtained  for  the  satety  ot 

onr  deep-sea  telegraph  cables,  were  it  not  probable  that  the 

accumulation  of  mud  and  oaze  over  them  (the  skeletons  of 

foraminLfera)  will  be  sufficiently  rapid  to  secure  them  from 

■danger. 

Soft  animals,  often  defended  by  shells,  abound  in  the  ocean, 
-and  form  an  important  class  of  its  inhabitants.  The  cuttle- 
^sh  is  the  emperor  of  such  molluscs,  and  is  represented  in  all 
seas  by  some  worthy  cousin.  The  cuttle-fish,  or  squid,  of  our 
•own  shores,  ranges  under  various  representative  forms,  both 
in  the  Atlantic  and  Pacific  ;  but  there  is  one  variety  covered 
and  protected  by  a  chambered  shell,  the  nautilus,  which  is 
■confined  to  the  southern  seas.  Few  animals  inhabiting  the 
ocean  are  better  adapted  for  attack  or  defence  than  Uiese. 
They  are  often  of  large  size ;  they  have  powerful  jaws  and 
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beaks ;  very  long  arms,  on  which  are  suckers  of  a  peculiaf 
kind,  holding  fast  to  any  object  they  touch;  and  many  of 
them  have  a  provision  of  dark  fluid,  which  they  eject  into  the 
water  when  they  desire  to  obscure  it,  either  to  escape  from 
enemies,  or  conceal  themselves  from  their  prey.  Amongst 
the  most  unsightly,  these  animals  are  also  the  most  highly 
organised  and  the  most  powerful  of  their  class,  and  though 
only  used  locally,  they  are  well  adapted  for  human  food. 
They  are  the  last  representatives  of  a  group  formerly  much> 
more  important  in  the  seas  than  they  now  are. 

Innumerable  multitudes  of  animals,  extremely  varied  in 
size  and  shape,  brilliant  in  colour,  and  of  very  peculiar  habits,, 
all  belonging  to  the  class  mollusca,  inhabit  the  ocean  at  vari- 
ous depths,  and  form  a  large  part  of  the  food  of  many  im- 
portant tribes  of  fishes.  Nothing  can  be  conceived  more 
delicate  and  beautiful  than  some  of  them,  no  limit  can  be  ex- 
pressed in  figures  to  their  numbers,  and  they  show  a  series  of 
transitions  from  animals  totally  undefended,  to  others,  such> 
as  the  oyster,  closely  protected  in  a  solid  stone  construction. 
The  shells  with  which  these  creatures  are  fortified  are  again 
as  strangely  varied  and  as  singular  as  any  productions  of 
nature.  We  may  mention  as  examples  the  spider-shell,  the 
cone,  the  cowry,  the  wentle-trap,  the  top-shell,  the  harp-sheU, 
the  Venus-shell,  and  the  clam.  Few  things  are  more  inter- 
esting than  to  watch  them  as  the  animal  comes  out  from  its 
coat  of  mail  or  puts  forth  its  feelers  in  search  of  news  and. 
food.  In  the  same  way  we  may  examine  the  oyster,  follow 
the  indication  of  the  ship-worm  or  stone-piercer  from  the 
bored  surface  of  wood  or  stone,  dredge  for  the  shell  containing 
the  imperial  purple  dye,  and  endeavour  to  learn  something  of 
the  rich  treasures  of  the  sea  in  this  wonderful  department 
The  treasury  is  not  easily  exhausted.  It  will  yield  abundance 
of  useful  and  valuable  information  to  any  one  who  will 
patiently  examine  its  stores. 

There  are  very  curious  shells  found  in  almost  all  seas, 
some  of  which  are  distinguished  from  ordinary  kinds,  as  much 
by  a  peculiai'  texture  of  the  shell  itself  as  by  an  arrangement 
of  the  giUs  in  the  animal.  The  Terebratula  is  one  of  them, 
and,  like  the  cuttle-fish,  it  is  as  interesting  in  reference  to- 
former  time  as  to  present  existences.  Terebratuliform  sheUs- 
and  nautUus-like  shells,  in  fact,  are  among  the  eai'Uest  re- 
cords of  creation  in  the  various  rocks  containing  fossils,  and 
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their  remains  are  especially  abundant  in  the  oldest  rocks. 
Modem  species  are  found  in  our  own  seas  generally  at  some 
depth. 

Very  minute  compound  animals,  at  one  time  regarded  as 
polyps,  but  now  referred  to  moUusca,  are  sufficiently  common 
among  the  sea-weeds  on  all  shores,  and  float  in  open  water, 
being  not  unfrequently  phosphorescent.  They  glide  some- 
times through  the  sea  in  long  chains  of  united  animals,  and 
they  are  exceedingly  remarkable  as  illustrations  of  a  method 
of  succession  not  otherwise  observable.  A  Salpa,  as  one  of 
them  is  called,  bears  a  marked  resemblance  to  its  parent  or 
offspring  two  generations  off,  but  never  bears  any  resemblance 
to  its  own  immediate  parent  or  young.  This  singular  and 
puzzling,  but  well  ascertained  condition,  extends  to  many 
animals,  chiefly  of  low  organisation. 

The  Echinodermata  include  star  fishes,  sea  urchins,  and 
such  like  creatures,  and  are  essentially  marine.  They  present 
many  very  remarkable  peculiarities  of  structure,  being  pro- 
vided for  the  most  part  with  a  more  or  less  complete  envelope. 
Tlieir  remains  are  very  abundant,  in  a  fossil  state  in  forma- 
tions of  almost  all  dates.  Till  lately  they  were  supposed  to  be 
imperfectly  represented  at  the  present  time,  and  have  been 
sought  for  and  found  chiefly  in  shallow  water  or  near  coast 
Lines.  M.  Agassiz  has,  however,  obtained  from  a  depth  of  500 
fathoms,  between  Florida  and  Cuba,  Echini,  Star  fishes,  and 
Ophiuridse,  Criuoids,  Corals,  Crustaceans,  Annelids  and  Mol- 
lusca.  Ofi'  Norway,  Prof.  Sars  has  obtained  from  450  fathoms, 
Ehizopoda  (20  sp.),  Echinodermata  (3),  Conohifera  (8),  Cepha- 
lophoda  (3),  and  Crustacea  (4)  ;  in  all,  42  species. 

So  long  ago  as  1860  Dr.  Wallich  brought  up  on  a  sounding 
line  from  a  depth  of  1360  fathoms  a  cluster  of  star  fish  of 
the  kind  called  Ophiocomoe  or  brittle  stars,  in  a  living  state, 
and  of  considerable  dimensions,  each  of  the  arms  being  between 
two  and  three  inches  long ;  and  more  recently,  in  the  expedi- 
tions conducted  at  the  instance  of  the  Eoyal  Society  in  1868 
and  1869,  remains  of  echinoderms  were  obtained  from  various 
depths — some  very  considerable — and  among  them  Dr.  Car- 
penter describes  species  of  encrinites,  star  fishes,  sea  eggs,  &c., 
all  of  the  highest  interest,  and  showing  that  even  genera,  till 
then  supposed  extinct,  were  still  amply  represented  in  our 
own  northern  seas. 
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Thus,  it  is  certain  that  these  vast  depths  are  not  untenanted, 
and  that  the  presumed  impossibility  of  animals  living  with 
very  little  light  and  air  at  depths  so  enormous  that  the  mere 
pressure  of  the  water  is  equivalent  to  upwards  of  two  tons  on 
every  square  inch  of  surface,  is  an  unnecessary  assumption, 
and  another  proof  that  what  is  quite  contrary  to  our  experi- 
ence and  utterly  opposed  to  any  analogies  we  can  draw,  maj 
stiU  exist  and  belong  to  the  usual  order  of  nature.  Many  of 
these  star-fishes  having  been  brought  home,  they  remain  to  be 
their  own  witnesses,  and  they  differ  so  little  in  appearance 
&om  some  common  kinds,  that  an  ordinary  observer  would 
pass  them  by,  little  aware  of  the  fact  of  their  having  lived 
under  circumstances  so  utterly  inconceivable. 

A  singular  class  of  marine  animals  have  recently  attracted 
much  attention,  and  are  now  to  be  met  with  in  many  drawing- 
rooms.  Some  of  these,  indeed  (the  Acalepha,  or  sea-nettles), 
inhabit  the  open  ocean,  and,  being  of  large  size,  are  not  im- 
prisoned in  our  marine  vivaria ;  but  others  (true  polyps)  are 
among  the  chief  ornaments  of  those  interesting  menageries. 
The  Medusae,  or  jelly-fish,  are  sometimes  two  or  three  feet 
across,  or  even  more,  and  when  removed  from  the  water,  look 
like  huge  masses  of  nearly  transparent  mucus,  which,  if  left 
alone,  soon  evaporates,  hardly  leaving  behind  a  few  grains  of 
solid  matter.  Others  are  far  smaller,  and  exquisitely  beautiful; 
others  again  sting  like  nettles,  and  many  of  them  are  con- 
cerned in  producing  that  marvellously  beautiful  phosphores- 
cence of  the  sea,  which  occasionally  ranges  for  vast  distances. 
These  animals  serve  to  feed  the  whales  as  well  as  to  light  up 
the  ocean,  and  in  their  young  state  they  form  exquisite  little 
groups  of  individuals  of  the  most  fantastic  shapes,  formerly 
supposed  to  be  polyps. 

The  sea  anemones  and  polyps  generally  consist  of  a  cylin- 
drical cavity  opening  above  in  a  wide  mouth,  round  which  are 
arranged  numerous  feelers,  which  the  animal  extends  in 
search  of  food.  Some  of  them  secrete  no  hard  stony  matter, 
but  others  form  those  constructions  known  in  all  seas  to  a 
greater  or  less  extent,  and  recognised  as  corals.  Their  variety 
is  endless,  and  the  mass  of  solid  matter  thus  accumulated 
almost  beyond  belief.  Separated  incessantly  from  sea-water, 
■which  re-absorbs  it  again  as  readily  from  every  limestone  rock 
with  which  it  comes  in  contact,  the  mass  of  calcareous  matter 
enclosed  by  these  singular  animals  is  constantly  receiving  addi 
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tions,  and,  being  litde  subject  to  change,  remains  from  oi;a 
generation  to  another,  accumulating  into  masses  which  form  u 
-sensible  proportion  of  the  earth's  superficial  crust.  Since, 
however,  the  animals  constructing  the  large  masses  of  coral 
-which  form  islands  in  the  Pacific  Ocean,  can  only  continue 
their  labours  within  moderate  limits  of  depth,  it  would  follow 
that  the  mass  of  limestone  is  only  a  superficial  plate,  were  it 
^lot  that  in  many  cases  the  districts  thus  buUt  upon  aie,  for 
some  reason,  constantly  descending  below  the  level  of  the  sea, 
while  some  other  tracts  of  land  and  sea-bottom  are  knowii  tc 
«8e  and  swell  slowly  upwards.  The  descending  land,  when 
occupied  by  the  coral  animal,  is  constantly  supplied  with  addi- 
tions reaching  the  surface,  and  thus  sometimes  forms  a  pej- 
pendicular  wsdl  to  the  depth  of  hundreds  of  fathoms. 

The  beautiful  red  coral  of  the  Mediterranean,  fished  up 
from  moderate  depths  every  year,  is  not  of  this  kind.  Like 
the  other  branching  varieties,  it  does  not  form  compact 
masses. 

There  yet  remains  one,  and  that  not  an  imimportant  groap 
of  animals,  that  may  fitly  take  rank  as  contributing  to  the 
wonders  of  the  sea — the  constructors  of  minute,  many-cham- 
bered shells.  Such  animals  are  mere  lumps  of  jelly,  capable 
of  extending  themselves  in  all  directions,  and  capable  also  of 
'forming  shelly  coverings  singularly  elegant  and  comphcated, 
but  so  small  that  their  shape  can  only  be  recognised  under  a 
powerful  microscope.  Multitudes  of  individuals,  however, 
combine  to  produce  even  a  single  shell,  and  thus  the  indi- 
vidual animals  are  almost  infinitesimal.  Will  it  be  believed 
that  such  animals  are  spread  over  thousands  of  square  miles 
of  ocean,  that  they  occur  both  at  the  surface  and  at  depths  the 
most  considerable  that  have  yet  been  reached,  and  that  then- 
remains  compose  90  per  cent,  of  the  mud  that  forms  the  sea- 
bottom  at  those  depths  ?  The  stomachs  of  the  brittle-stars, 
brought  up  in  mid-Atlantic  in  a  living  state  through  nearly 
two  miles  of  water,  were  found  to  contain  half  digested  food 
of  this  kind  ;  and  although  it  may  never  be  possible  to  obtain 
the  creatures  themselves  alive  from  such  depths,  the  fact  of 
their  living  there  is  now  clearly  proved.  That  they  have  long 
inhabited  those  cold,  silent  recesses  is  also  evident,  since  the 
whole  bottom  of  the  Atlantic  seems  strewed  thickly  with  a 
•fine  mud  entirely  made  up  of  their  remains,  associated  only 
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with  a  few  transported  Btones,  and  a  rare  sprinkling  of  sponge- 
spicules  and  flinty  cases  of  the  simplest  vegetable  cells. 

It  remains  only  to  treat  of  these  sponges,  the  last  of  the 
animals  belonging  to  the  sea.  The  sponges  are  very  widety 
spread,  and  each  consists  of  a  curious  network  clothed  with 
soft  gelatinous  matter.  At  frequent  intervals  are  open  spaces 
through  which  water  is  made  to  pass,  and  in  this  way  food  is 
brought.  It  is  not  a  little  curious  to  watch  these  lowest  forms 
of  life  in  the  water,  where  their  brilhant  colours  are  as  re- 
markable as  the  shapelessness  of  the  masses  they  present 
Such  opportunities  are  now  not  rare,  as  the  animals  can  be 
kept  in  vivaria  prepared  for  the  drawing-room. 

In  thus  describing  in  a  very  general  way  some  of  the  prin- 
cipal tenants  of  the  sea,  we  have  indicated  the  wide  range 
of  many  of  these  animals,  and  the  facility  with  which  they 
move  across  tracts  of  ocean  of  ^ery  diiferent  temperature. 
In  this  respect  there  would  seem  nothing  to  confine  the  more 
active  of  the  marine  animals  to  definite  positions.  But  they 
also  are  grouped,  and  there  are  characteristic  and  representa- 
tive species.  It  is,  perhaps,  even  more  striking  in  these  cases 
than  where  the  powers  of  locomotion  are  more  limited,  to  see 
the  reality  of  the  groups  and  trace  their  proper  homes. 

The  inhabitants  of  fresh  water,  though  to  some  extent  dif- 
ferent from  those  of  the  sea,  have  many  points  of  close  re- 
semblance, and  need  not  detain  us  long.  Not  a  few  living- 
usually  in  the  sea  breed  in  ri^iirs,  and  others  dwelling  ia 
estuaries  or  tidal  rivers  adapt  themselves  to  each  variety. 
There  are  besides  these  many  species  of  fishes  altogether  con- 
fined to  rivers  and  lakes,  but  they  do  not  affect  the  general 
argument. 

Of  land  animals,  the  lower  forms  of  life  are  less  remarkable, 
and  less  fitted  for  general  illustration,  than  is  the  case  with 
the  inhabitants  of  the  water.  No  doubt  they  abound,  but 
they  are  not  prominent.  Crustaceans  are  chiefly  aquatic. 
Molluscs,  also,  to  a  large  extent  require  the  water.  The  ex- 
ceptions are  sometimes  striking,  as  in  the  cases  of  the  snails, 
some  of  which,  living  in  America,  are  of  extraordinary  size 
and  beauty ;  but  they  are  few.  Annelids  or  worms  are  numer- 
ous, but  less  varied  in  form  and  colour  than  those  frequenting 
■She  other  element 

Of  all  land  animals  insects  are  the  most  interesting,  partly 
from  the  variety  of  specific  forms  they  assume,  partly  froio 
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the  changes  they  undergo.  They  probably  perform  a  very 
important  part  in  the  general  economy  of  nature,  taking  up- 
decaying  animal  and  vegetable  matter,  and  assimilating  it 
with  extraordinary  rapidity,  so  that  the  iU  effects  of  an  excess 
<rf  putrescent  particles  in  the  air  is  brought  within  moderate 
limits.  Besides  the  insects  are  the  spiders,  helping  to  keep 
balance  of  life.  Insects  pass  through  very  curious  changes  ji 
different  stages  of  their  existence,  being  aquatic  in  one  and' 
terrestrial  in  another,  feeding  at  one  time  exclusively  on  flesh, 
and  at  another  time  on  the  juices  of  flowers,  varying  so  much  in  ■ 
size  and  appearance  that  no  identification  would  be  possible, 
did  we  not  actually  trace  the  change  in  the  same  individual. 
It  must  be  evident  that  no  one  could  guess  the  identity  of  the 
grub  and  m^got  with  the  beetle,  or  of  the  caterpillar  with  the 
butterfly.  Being  familiar  with  them  we  pass  by  these  mar- 
vellous transmutations  without  notice,  but  the  wildest  dream 
could  hardly  suggest  anything  more  extraordinary,  or  more 
unlikely  to  happen,  than  many  of  those  changes  that  pass 
under  our  eyes  in  each  successive  season. 

As  a  general  rule  insects  increase  in  abundance  and  variety 
from  the  poles  towards  the  equator  in  horizontal  space,  and 
vertically  they  increase  from  the  unpeopled  heights  in  the 
atmosphere  to  the  common  surface  of  contact  between  land 
«nd  water.  But  the  increase  is  not  regular.  Many  parts  of" 
the  southern  hemisphere  are  poor  in  species,  especially  Aus- 
tralia. North  America  is  less  rich  than  Europe  in  the  same 
latitude.  Asia  is  also  poor.  North  Africa,  the  Brazils,  and 
the  west  coast  of  South  America,  and  Mexico,  are  more  rich, 
but  not  very  remarkable.  Central  and  tropical  America,  and 
some  parts  of  tropical  Asia,  are  the  richest  of  all. 

So,  again,  there  are  many  well  marked  regions.  Eastern 
Asia  and  China  are  very  different  fiom  Europe  and  AMca. 
In  South  America,  Guiana  is  quite  unlike  ike  equinoctial 
districts  of  New  Granada  and  Peru. 

It  is  interesting  to  observe  the  nature  and  efficacy  of  certain, 
natural  barriera  against  the  spread  of  various  species  of  insects. 

Mountain  chains  are  the  most  effectual,  even  when  there^ 
are  passes  of  only  moderate  altitude.  Rivers  are  very  partially 
available  for  this  purpose.  Oceans,  even,  are  not  always  suffi- 
cient. There  ai-e  some  butterflies  spread  over  the  whole  world  ? 
others  confined  to  very  small  districts.  Certain  stagnant  poola 
appear  to  have  a  creation  of  their  own,  while  the  winds  qariy' 
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the  insects  or  the  eggs  of  some  species  for  thousands  of  miles. 
Some  insects,  as  the  mosquito,  are  equally  troublesome  at  the 
jpoles  and  under  the  burning  sun  of  the  equator,  but  they 
long  remain  undeveloped  in  uncongenial  climates,  appearing 
only  when,  owing  to  some  cause,  the  conditions  are  for  the 
time  favourable  for  their  existence. 

Wood,  conveyed  naturally  or  accidentally  from  one  country 
to  another,  has  often  carried  with  it  the  insects  that  attack  it 
at  home.  It  has  happened  that  when  these  insects  are  once 
introduced,  they  will  feed  on  the  trees  indigenous  to  the  new 
habitat. 

The  abundance  of  insects  in  favourable  localities  is  incon- 
ceivable to  those  who  have  not  had  personal  experience  of  the 
fact.  The  great  rivers  of  tropical  America  are  perhaps  more 
troubled  in  this  respect  than  other  localities,  and  in  some  places, 
-other  animals,  including  man,  have  been  driven  away  by  their 
■enormous  accumulation.  Even  in  the  plains  of  Wallachia  and 
Hungary,  and  in  Lapland,_they  crowd  the  air  to  such  an  extent 
that  it  is  diflScult  to  breathe  without  swallowing  some  of  them. 
■Humboldt  has  said  that,  on  the  Upper  Orinoco,  they  succeed 
■each  other  with  such  regularity  that  die  hour  of  the  day  may  be 
guessed  pretty  accurately  from  them.  On  the  other  hand,  it 
is  said  that  our  common  house  fly  was  first  conveyed  to  the 
South  Sea  Islands  by  the  English  ;  while  the  honey  bee,  now 
exceedingly  common  throughout  North  America,  Australia  and 
New  Zealand,  was  introduced  iato  these  countries  by  the  Eng- 
lish. The  native  bees  in  these  countries  are  without  stings. 
The  tse-tzse  fly  of  South  Africa  is  almost  equivalent  to  a  cattle- 
pest,  but  it  is  strangely  limited  in  its  range. 

Notwithstanding  the  remarkably  definite  grouping  of  insects 
generally,  there  are  many  that  migrate  to  a  great  distance, 
taking  long  flights,  and  even  changing  their  route  from  time  to 
'time.  Thus,  locusts  are  the  natural  inhabitants  of  sandy 
deserts,  where  their  eggs  are  hatched ;  bat  they  occasionally  fly 
in  vast  masses,  sometimes  crossing  more  than  a  hundred  iniles 
■of  sea,  and  reaching  nearly  two  thousand  miles  from  their 
place  of  starting.  Locusts,  however,  are  essentially  migratory, 
but  there  are  otiier  insects  that  occasionally  take  wing,  although 
it  is  not  their  usual  habit  to  travel  in  company.  Lady-birds 
-are  examples,  and  both  they  and  butterflies  are  sometimes 
•driven,  apparently  by  stress  of  circumstances,  to  advance  in 
dense  masses.     Dragon  flies  also  have  been  noticed  to  do  so. 
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There  seems  no  reason  for  these  curious  peculiarities.  Certain 
kinds  of  ants  are  capable  of  moving  in  a  body  for  considerable 
distances,  and,  in  this  case,  notlung  will  stop  them. 

Whatever  may  be  the  nature  of  the  instinct  of  migration,  it 
is,  at  any  rate,  so  powerful  as  to  over-ride  every  other,  and: 
thus  there  seems  to  be  a  means  provided  by  nature  to  push 
certain  forms  of  animal  life  into  such  conditions  as  may  ba 
favourable,  in  order  to  conquer  from  time  to  time  the  tendency 
to  centralisation,  which  is  otherwise  a  law  of  nature.  There- 
is  in  this,  as  in  so  many  cases,  a  perpetual  contest,  resulting 
in  the  mixed  arrangements  we  find  everywhere,  and  it  is  im- 
portant to  recognise  the  fact  that  this  also  is  a  law  of  nature. 
When,  therefore,  we  see  that,  in  most  countries,  there  is  a  pe- 
culiar and  distinctive  fauna,  as  well  as  a  characteristic  flora, 
and  that  animals,  like  plants,  have  a  metropolis, — or  centraL 
point,  whence  they  seem  to  diverge  in  every  direction, — ^it  is 
evident  that  the  study  even  of  a  local  fauna,  may  lead  to  a 
knowledge  of  some  of  the  great  laws  of  nature. 

Passing  to  the  consideration  of  the  land  animals  of  higher 
organisation,  we  find  the  distribution  of  reptiles  both  peculiar 
and  interesting.  These  animals  are  for  the  most  part  limited 
in  their  power  of  locomotion,  and  not  endowed  with  much 
energy.  They  flourish  chiefly  where  man  is  absent  or  sparingly 
distributed,  or  at  least  where  civilisation  has  not  introduced 
modifications.  A  few  of  them  migrate,  but  they  do  not  travel 
very  far.  Of  the  marine  species  we  have  already  said  some- 
thing. 

There  are  four  divisions  of  reptiles  now  living  which  may- 
be illustrated  respectively  by  the  frogs,  the  serpents,  the 
lizards  and  the  tortoises.  The  frogs  are  the  most  widely 
spread,  reaching  nearly  from  the  Arctic  circle  to  a  latitude  of 
about  50°  S.  They  are  all  chiefly  abundant  in  warm,  damp 
countries,  and  increase  in  number  and  variety  as  we  approach 
the  equator  ;  the  number  of  species  in  the  torrid  zone  being 
fully  double  that  found  in  temperate  latitudes.  _  Of  all  places 
in  the  old  world,  Java  and  the  adjacent  islands  seem  to  be  the 
hest  fitted  for  these  animals.  America  possesses  half  the 
known  species. 

All,  without  exception,  of  the  knovm  species  of  reptiles  of 
America  are  distinct  from  those  of  the  old  world.  The  Aus- 
tralian species  are  all  unlike  those  of  Asia.  The  Asiatia 
species  are  much  sub-divided,  and  few  of  them  are  identical' 
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with  those  of  Europe  or  Africa.  Some  of  the  frogs  and  ser- 
»pents  are  limited  to  exceedingly  small  districts,  and  few  o{ 
them  range  widely.  Most  of  the  European  species  of  frogs, 
it  is  true,  extend  into  Asia  and  North  Africa,  but  the  character- 
istic species  are  generally  limited  to  a  very  small  space.  The 
toad  of  Surinam,  the  largest  and  ugliest  of  existing  species,  is 
'found  only  in  Dutch  Guiana.  A  Brazilian  toad  ten  or  twelve 
inches  long,  and  another  gigantic  species  from  Carolina  do 
•not  leave  their  own  neighbourhoods. 

Although  there  are  serpents  in  the  colder  parts  of  Europe^ 
the  number  of  species  is  small,  the  size  of  the  individuals  insig- 
nificant, and  their  venom,  except  in  one  case,  is  not  dangerous 
to  man.  Of  the  three  great  families  of  venomous  serpents, 
•<mly  that  containing  the  viper  is  met  with  in  cool  northern 
latitudes  in  the  Old  World.  In  other  countries  the  case  is 
very  different.  Thus,  in  North  America,  the  rattle-snake 
abounds.  In  Australia,  also,  in  the  temperate  zone,  more  than 
half  the  serpents  are  dangerous.  In  Africa,  it  is  also  said  that 
half,  or  a  third  of  all  the  snakes  seen  are  distinctly  poisonous. 
In  India,  there  are  also  several.  The  hooded  snakes  (cobra) 
of  India,  the  Egyptian  asp,  the  whip  snakes,  and  all  the  sea 
snakes  are  the  most  venomous  and  ferocious,  but  they  are  aH 
confined  to  very  narrow  limits.  The  common  viper  is  that 
which  ranges  most  widely,  reaching  from  England  to  central 
Asia,  and  from  the  Alps  to  the  Arctic  circle. 

Tropical  Africa  and  tropical  South  America  are  the  coun- 
tries where  are  the  most  gigantic  and  powerful  of  these  singu- 
lar animals.  The  boa  is  chiefly  American;  the  largest 
species  being  found  in  the  tropical  forests  of  South  America, 
where  it  hangs  from  the  trees,  watching  its  prey.  Some 
-species  are  twenty  feet  long,  and  they  are  partly  aquatic. 
The  Pythons  are  the  corresponding  African  species,  and  they 
spread  through  Africa  and  Asia  as  far  as  Java  and  China. 
Other,  but  quite  different  species,  belong  to  Malacca,  and 
others,  again,  inhabit  New  Guinea  and  Australia. 

Of  crocodiles,  there  are  many  species,  most  of  which  are 
strictly  limited  in  range,  and  quite  characteristic.  Of  these 
large  reptiles  we  may  name  the  caiman,  or  alligator  of 
America,  the  gavial  of  the  Ganges  and  India,  two  African 
-species,  (one  on  the  Nile  and  one  on  the  west  coast)  two 
Madagascar  species,  and  one  Australian. 

In  America,  there  are  two  species  of  crocodiles  and  five  alii- 
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:gatoiB.  Some  few  of  the  species  range  to  a  height  o£  three  or 
four  thousand  feet  above  the  sea,  but  they  do  so  only  by  follow- 
ing towards  their  sources  the  great  rivers.  They  live  chiefly  in 
mud,  hybemating  occasionally  dming  long  continued  drought. 
CrocodUes  do  not  extend  into  Europe  at  present,  not  perhaps 
so  much  on  account  of  climate  as  for  want  of  other  favourable 
conditions.  Lizards,  however,  represent  the  same  natural 
fanuly.  Of  these,  there  are  nearly  twenty  species  in  Italy, 
and  tiiey  reach  up  to  almost  5,000  feet  on  the  Alps.  They 
extend  also,  though  more  sparingly,  through  northei'n  Europe. 

Asia  is  very  rich  in  lizards :  one  of  them  (the  draco  volant, 
or  dragon)  having  a  membrane  like  that  of  the  bat,  enabling 
it  to  take  long  leaps  in  its  pursuit  after  insects.  The  gecko 
of  the  Mediterranean  coasts,  and  the  chameleons  chiefly 
inhabit  northern  Africa,  but  reach  Spain  and  Asia.  These  are 
the  most  characteristic  forms.  The  skink — a  burrowing  lizard 
— ^is  represented  in  Africa  and  Arabia  and  also,  but  by  different 
species,  in  Australia  and  the  Indian  Archipelago.  A  very 
curious  marine  lizard,  feeding  on  sea  weed,  exists  in  the  Gala- 
pagos Archipelago,  and  represents  species  now  extinct. 

Of  tortoises  and  turtles, — the  former  inhabiting  the  land 
and  fresh  water,  and  the  latter  the  sea, — there  are  species 
very  widely  distributed.  In  the  East  Indies,  there  are 
some  land  tortoises  of  large  dimensions  and  very  beautifol ; 
others  are  peculiar  to  Brazil ;  others  are  found  only  in  Deme- 
rara.  There  is  a  species  found  in  the  Galapagos  islands 
which  weighs  more  than  a  quarter  of  a  ton,  when  fuU  grown. 
The  European  species  are  small ;  the  largest  of  them  inhabits 
the  shores  of  the  Mediterranean.  Fresh  water  tortoises  are 
also  widely  distributed,  but  the  largest  number  of  species  are 
American.  There  are  fresh  water  turtles,  different  from  the 
emys  or  fresh  water  tortoise.  They  are  large  and  voradoua. 
They  are  found  in  the  Nile,  the  Ganges,  and  the  Euphratea. 
One  is  met  with  in  the  rivers  of  Java  only ;  another  is  common 
to  Java,  Borneo  and  Sumatra.  The  sea  turtles,  of  which  the 
green  turtle  and  the  hawk's  biU  turtle  are  the  most  familiar, — 
the  former  as  food,  the  latter  for  its  shell — browse  on  sea  weed 
in  tropical  waters,  and  grow  to  enormous  size.  The  former 
belongs  to  the  West  Indies.  The  most  valuable  species  of  the 
latter  is  obtained  from  the  Molucca  Islands  and  the  coast  of 
New  Guinea,  but  there  are  species  in  the  Gulf  of  Mexico,  and 
«ven  in  the  Mediterranean. 
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It  is  interesting  to  notice  that  certain  large  districts  of  thj- 
earth  are  now  almost  without  iteptiles.  Thus,  the  islands  oT 
the  Pacific,  Tierra  del  Fuego,  the  Falkland  Islands,  may  be- 
named,  as  being  altogether  free  from  frogs,  toads,  and  snakes 
of  all  kinds.     In  Ireland,  reptiles  are  almost  unknown. 

Birds,  unlike  reptiles,  are  provided  with  great  power  of 
locomotion,  and  they  often  migrate  to  great  distauces.  By 
means  of  their  wings,  they  are  capable  of  overcoming  impedi- 
ments which  prevent  the  advance  of  all  other  animals,  and  in 
all  respects  they  seem  to  be  enabled  to  distribute  themselves- 
over  the  earth  at  wiE.  But  they  are  not,  for  that  reason,  free 
from  the  great  laws  governing  and  limiting  the  distribution  of 
animals  generally.  There  are  for  them,  as  for  reptiles,  certain' 
central  points,  whence  typical  forms  diverge,  and  which  may 
be  claimed  as  their  birth-place. 

There  are  six  natural  groups  of  birds.  Birds  of  prey,, 
dimbing  birds,  (parrots  and  wood-peckers,  &c.)  warblers, 
gallinaceous  birds,  (domestic  poultiy  and  food  birds^  waders, 
and  swimmers.  Of  all  countries,  tropical  America  is  thfr 
richest  country  in  birds,  and  contains  some  of  the  most  curious- 
varieties  of  form,  colour  and  proportions.  Europe,  however, 
comes  next  in  order,  and  is  even  much  richer  than  America  in 
songsters,  or  birds,  whose  warbliog  notes  make  the  woods 
resound  with  melody.  Many  birds  a»e  found  to  range  through 
the  whole  of  the  Old  World,  extending  even  to  America,  and 
identical  in  species  from  pole  to  pole.  The  birds  of  prey, 
waders  and  sea  fowl  are  among  the  most  remarkable  of  these. 
The  common  house  sparrow  accompanies  man  wherever  be 
goes,  and  seems  as  much  at  home  in  Bengal  as  it  is  in  Britain. 
The  peregrine  falcon  extends  over  Europe,  America,  and  Aus- 
tralia. The  common  heron  seems  indigenous,  both  in  the  014 
and  New  World.  Owing  to  the  habits  and  powers  of  birds,  they 
naturally  range  widely  in  vertical  space,  and  are  met  with  at 
all  elevations,  on  the  loftiest  mountains  of  the  earth. 

But  although  birds  migrate  systematically  and  travel  acci- 
dentally to  great  distances,  their  breeding  places  are  in  general 
greatly  limited.  Thus,  of  upwards  of  five  hundred  species  of 
European  birds,  there  are  certainly  four  hundred  that  do  not 
habitually  leave  that  continent  and  the  adjacent  islands.  Of 
the  Brazilian  birds,  whole  tribes  of  parrots  and  humming  birds 
never  quit  the  forests  where  they  were  bred.  Each  country- 
in  fact,  is  characterised  by  some  typical  group. 
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''  The  thick-billed  birds,  living  on  seeds,  and  including  the 
nightingale,  redbreast  and  wren,  the  finches  and  linnets,  the' 
sparrow,  and  many  others  very  familiar,  are  the  characteristic 
oirds  of  Europe.  Many  of  them  are  peculiar  to  our  continent, ' 
though  others,  as  the  nightingale,  come  to  us  from  northern- 
Africa,  vrhere  they  may  be  heard  singing  in  the  woods  from 
morning  to  night,  late  in  autumn.  The  same  is  the  case  in 
Asia  Minor,  and  especially  in  Armenia.  There,  however,  we 
find  already  the  brilliant  plumage  and  more  developed  forms 
<A  the  tropics ;  and  there,  also,  is  the  home  of  many  useful' 
birds,  now  domesticated  and  apparently  almost  indigenous.' 
The  gallinaceous  birds,  especially  the  pheasant  and  the  pea-' 
fowl,  are  as  characteristic  of  Asia  as  the  singing  birds  are  of 
Europe.  There,  also,  these  birds  are  mixed  with  very  striking 
and  beautiful  specimens  of  climbing  bu-ds,  especially  parrots; 
which  range  in  one  form  or  other,  though  always  with  distinct 
species,  throughout  tropical  Asia,  reaching  Australia  and  re^' 
appearing  in  South  America.  It  is  impossible  here  to  do- 
more  than  allude  to  the  marvellous  brilliancy  and  beauty  of  the' 
plumage  of  the  large  tropical  birds  of  western  Asia,  althougn 
they  are  fully  rivalled  by  their  competitors  on  a  smaller  scale*- 
in  the  Brazilian  forests. 

'  In  the  Indian  Archipelago  we  have  other  examples  of  the 
most  singular  beauty  of  form  and  brilliancy  of  colour  in  the 
plumage  of  the  characteristic  birds.  The  bird  of  paradise, 
the  orioles,  the  hombiUs,  the  pigeons,  and  the  Argus  pheasant, 
are  examples  worthy  of  special  mention.  In  speaking  of  the 
peciJiar  birds  we  must  not  omit  the  cassowary,  whose  powers 
of  locomotion  are  limited,  but  which  yet  has  a  very  wide  range 
in  the  south-eastern  islands  of  Asia. 

■  Africa  is  also  rich  in  birds,  many  of  which  may  compare 
with  those  of  South  America,  although  there  are  very  few 
identical  species.  Besides  a  number  of  birds  of  very  beautiful 
plumage  and  very  peculiar  habits,  Africa  possesses  the  ostrich; 
which  ranges  through  a  vast  extent  of  country,  and  represents 
other  birds  of  somewhat  similar  structure  in  America  and 
Australia.  The  ostrich  extends  into  Arabia,  but  its  home  stnd- 
metxopolis  is  on  the  sands  of  Africa.  Many  of  the  birds  of 
the  south  are  different  from  those  of  the  north.  Among  those 
common  to  the  whole  country  is  a  remarkable  serpent-eater 
(the  secretary  bird),  the  honey  birds,  representing  the  hum- 
ming birds  of  America,  and  the  parrots,  also  representative, 
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«nd  very  abundant.  There  are  also  many  singing  birds-,  ttat 
these  are  chiefly  northern. 

South  America  is  marvellously  rich  in  birds.  The  eoodoi 
of  the  Andes  builds  its  nest  15,000  feet  above  the  sea,  and  is 
seen  wheeling  in  circles  above  the  mountain  summita  at  the 
height  of  much  more  than  20,000  feet.  It  extendn  ta  the 
Straits  of  Magellan,  but  has  not  been  seen  on  the  northern 
side  of  the  Isthmus  of  Panama.  Besides  the  condor,  there 
are  vultures  of  various  lands,  and  of  magnificent  pi'oportion^, 
<me  of  them  living  on  vegetable  food.  Parrots  range  thrangb. 
-out^  and  there  are  gallinaceous  birds,  but  all  totally  different 
from  those  of  the  Old  World.  There  are  also  peculiar  species 
of  the  ostrich. 

But  it  is  chiefly  the  humming  birds  that  characterise  this' 
-wngular  district.  There  are  more  than  one  hundred  arid  fiftj 
sfecies,  varying  in  size  from  that  of  a  bumble-bee  to  that  of  a. 
wren.  They  reach  down  to  nearly  40<>  S.  latitude ;  but  very 
few  species  are  met  with  in  Central  or  North  Amercia,  and 
not  many  in  the  West  Indian  islands.  They  are  found  up  to 
an  elevation  of  12,000  i'eet  in  the  Andes  of  Bolivia  and  New 
Granada.  They  are  accompanied  in  the  Brazilian  forests  bj 
numerous  climbing  birds  and  many. richly-decorated  parrotK 

Australia  and  the  adjacent  islands,  including  New  Zealand, 
are  very  remarkable  for  their  birds,  all  of  whieh  are  eithra 
representative  species  or  altogether  sui  generis.  There  are  no 
true  gallinaceous  birds,  but  the  lyre-bird  represents  the  Argut 
pheasant.  The  parrots  and  the  pigeons,  the  cereopsis  goose,  tha 
emu,  and  above  all  the  apteryx,  are  all  so  peculiar  that  they 
hardly  admit  of  comparison  with  familiar  birds  in  other  comk' 
~tries.  The  modern  apteryx  represents  another  and  much  largei 
bird,  of  similar  habits,  that  has  only  recently  become  extinct, 
hut  that  is  only  known  by  the  bones  of  its  skeleton  and  the 
&t^ments  of  the  egg  shell.  Some  of  these  extinct  birds  mus* 
h&ve  attained  at  least  double  the  bulk  of  the  largest  ostriches; 

Thus  it  is  clesir  that  in  the  case  of  birds,  as  of  reptiles  anfl! 
fishes  and  the  invertebrata,  there  are  certain  groups  distributed! 
in.  certain  parts  of  the  earth,  all  more  or  less  characteristic, 
■tod  all,  though  adapted  to  existing  conditions,  appearing  to. 
connect  these  with  some  former  and  different  conditions,  when 
<flie  races  now  less  important  were  the  prevailing  types  of  their 
ckss. 

This  conclusion  will  be  confirmed  when  we  consider  the 
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case  of  the  other  inhabitants  of  the  land.  These  include  t"hs 
most  important  of  all  species,  for  they  are  all  animals  proviJeJ 
with  hif»h  and  complex  nervous  organisation.  For  the  mosl 
part  they  possess  intelligence ;  and  the  females  of  all  the  variecl 
species  bring  forth  their  young  alive,  being  provided  with  milk, 
a  peculiar  and  convenient  food,  supplied  to  the  young  animals 
during  the  interval  that  elapses  between  birth  aud  the  time 
when  they  have  sufficient  strength  to  provide  for  themselves. 
These  animals  are  technically  called  mammals. 

Mammals  are  very  widely  distributed  over  the  earth.  Some 
are  coufined  to  'he  surface,  some  burrow  under  the  surface; 
many,  as  we  have  already  seen  in  speaking  of  marine  animals, 
permanently  inhabit  the  sea.  A  few  may  be  said  to  inhabit 
the  air.  They  have  great  powers  of  locomotion,  though  these 
are  in  no  case  so  efficacious  as  the  wings  of  the  bird,  and  dxy 
not  allow  of  either  the  same  kind  or  amount  of  migration. 

There  are  several  distinct  natural  groups  of  mammals,  which 
are  distributed  in  a  very  different  manner  on  the  earth.  Of 
all  these,  man  is  at  the  head.  Next  in  order  are  the  foup- 
haiideJ  mammals,  such  as  monkeys.  The  gorilla  and  chim- 
panzee are  the  most  striking  examples,  and  in  some  respects 
approach  most  nearly  to  man ;  but  while  man  in  some  one  or 
•other  of  the  principal  sub-divisions  of  his  race  is  enabled  to 
inhabit  all  pnrts  of  the  world,  from  the  poles  to  the  equator 
these  monkeys  are  very  strictly  limited  to  small  tracts  uf 
country,  and  can  hardly  be  removed  from  their  own  soil  and 
climate  without  death  resulting.  It  is  well  known  that  west- 
cm  tropical  Africa  aud  tropical  Asia  are  the  habitats  of  these 
singular  animals.  Others,  but  very  diffeient  species,  range 
through  Asi  I  to  the  islands  of  the  Indian  Archipelago.  Others, 
«till  very  different  in  structure  and  habits,  are  found  in  South 
America.  There  are  few  things  more  remarkable  than  th« 
wide  distribution  of  the  human  race  and  its  wonderful  adapts^ 
bility  to  change,  as  contrasted  with  the  strict  limitation  of  aH 
the  most  chai'acteristic  quadrumanes.  It  may  be  said,  in  a 
general  way,  that  the  tropicsd.  forests  are  the  chief  abode  of  tie 
monkey  tribe  ;  and  that  while  Asia  is  the  especial  home  of  tha 
ape,  Africa  exhibits  the  best  types  of  the  baboon.  All  the 
monkeys  of  America  have  prehensile  tails. 

A  large  and  important  group  of  flesh  feeding  quadrupeds  Is 
the  carnivora  —these  are  chiefly  abundant,  and  on  a  larj^ 
scale,  in  the  tropics.     The  gnawing  animals  or  rodents,  anil 
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the  ruminating  animals,  are  more  characteristic  of  temperate 
climates.  The  pachydermata  abound  in  certain  localities^ 
both  in  the  tropics  and  in  sub-tropical  and  temperate  plains. 
The  edentates  and  marsupials  are  singularly  local ;  the 
winged  quadrupeds  or  bats  are  tropical  for  the  most  party 
but  range  widely ;  and  the  cetaceans  are  aquatic.  Some  quad- 
rupeds are  capable  of  migrating,  but  for  the  most  part  they 
retain  their  natural  habitats,  except  when  transported  by  the 
agency  of  man. 

Asia  is  the  metropolis  of  a  large  number  of  important 
groups  of  quadrupeds  that  have  in  the  course  of  time  spread 
over  most  parts  of  the  great  continent,  and  that  have  even 
been  transported  to  America  to  the  destruction  of  native 
tribes.  The  great  mountain  chain  of  the  Himalayans  and  its 
oEFsets  divides  Asia  into  two  distinct  provinces.  Western 
Asia  is  also  very  distinct  from  the  eastern  part  of  the  country, 
and  the  table  lands  of  the  north  and  south  exist  under  totally 
different  conditions.  Thus,  while  in  the  northern  plains  we 
have  the  rein-deer  and  the  elk,  the  wolf,  the  white  and  other 
bears,  the  lynx  and  the  flying  squirrel,  meeting  the  Bengal 
tiger  and  the  panther  among  the  snows  of  the  mountains 
and  on  the  banks  of  the  Obi, — these  are  mixed  towards  the 
west  with  several  species  of  horse  and  antelope,  various  goats 
and  sheep,  the  camel,  and  a  numijcr  of  ruminating  animals 
that  approach  European  forms.  The  true  horse  and  the  ass, 
indigenous,  perhaps,  in  Central  Asia,  make  their  appearance 
in  the  lower  plains  and  steppes,  and  there  meet  the  famUiar 
quadrupeds  of  northern  and  southern  Europe. 

South  of  the  mountain  chain  is  one  of  the  chief  habitats  of 
the  camivora,  where  are  species  referred  to  upwards  of  sixty 
genera,  and  where  also  there  are  many  bears,  hysenas,  and 
jackals,  with  the  larger  pachyderms,  including  the  elephant, 
the  rhinoceros,  and  the  tapir,  and  two  representatives  of  the 
edentates,  whose  home  and  metropolis  is  on  the  other  side  of 
the  great  ocean.  These  two  species  are  scaly  ant-eatera. 
They  range  through  India  to  China,  and  extend  into  Formosa. 
The  Indian  Archipelago  contains  two  zoological  provinces. 
One  of  them  is  that  of  southern  Asia,  including  the  flying 
lemurs,  vampire  bats,  civets,  ichneumons,  polecats,  and  others; 
tigers,  porcupines,  elephant,  tapir,  the  babiroussa,  two  species 
of  rhinoceros,  and  large  deer.  On  the  other  side  of  a  narrow, 
but  deep  channel,  we  find  a  totally  different  group  connecting 
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•with  the  Australian  fauna,  which  is  altogether  distinct  from 
■that  of  Asia. 

The  Australian,  or  Austro-Malayan  region,  comprises  all 
the  islands  lying  west  of  a  narrow  channel.  They  include  as 
-their  easternmost  limit  the  large  islands  of  Java,  Borneo,  and 
the  Philippines.  The  Celebes,  the  Molucca  group,  and  New 
Guinea,  are  islands  that  must  be  added  to  Australia.  In  Ce- 
lebes and  the  Molucca  are  one  species  of  ape,  one  civet,  one 
deer,  and  one  of  the  bovidse,  mingled  with  numerous  marsupial 
flying  squirrels,  eastern  opossums,  and  kangaroos.  In  Aus- 
tralia almost  all  the  species  are  marsupial,  by  which  is  m^ant 
that  the  female  is  provided  vrith  a  kind  of  bag  or  pouch  (mar- 
supium  a  pouch),  in  which  the  youug,  who  are  brought  forth 
at  a  very  early  period,  are  conveniently  carried  by  the  mother 
till  they  are  able  to  shift  for  themselves.  This  remarkable 
contrivance  seems  well  adapted  to  a  country  where  there  are 
wide  tracts  without  water  during  a  large  part  of  the  year. 
All  the  principal  animals  of  other  countries  are  represented  in 
Australia  by  species  having  this  peculiarity,  but  the  habits 
.and  form  of  many  of  them  are  exceedingly  anomalous.  Thus 
the  kangaroo,  one  of  the  most  familiar,  rests  on  its  hind  legs 
and  tail,  its  fore  legs  being  extremely  short.  It  moves  fy 
bounds,  aided  by  the  tail.  Besides  important  groups  of  mar- 
supials there  are  also  two  aquatic  edentates,  one  a  mole,  with 
a  mouth  and  bill  resembling  a  duck,  the  other  a  hedgehog 
covered  with  quills.  Australia  is  thus  an  absolutely  perfect 
zoological  province,  so  far  as  mammals  are  concerned ;  but 
the  associated  islands  to  the  north  have  received  additions 
from  the  adjacent  land.  Since  its  human  occupation  Aus- 
4:ralia  has  also  received  numerous  fresh  quadrupeds,  some  of 
which  multiply  very  rapidly. 

Africa  is  a  zoological  province  of  great  interest.  It  con- 
tains a  peculiar  elephant,  a  rhinoceros,  and  hippopotamus, 
peculiar  species  of  horse,  a  vast  variety  of  antelopes,  and  a 
great  variety  of  feline  animals.  Of  three  hundred  and  fifty 
species  of  quadrupeds  two  hundred  and  fifty  are  either  peculiar 
to  the  continent  or  have  had  there  their  origin. 

South  America  may  almost  be  compared  with  Australia  as 
a  great  zoological  province.  Most  of  its  quadrupeds  are,  how- 
ever, moderate  in  size,  not  remarkable  for  strength,  and  in- 
ferior to  the  representative  species  in  the  old  world.  Thus 
'4he  llama  and  alpaca  represent  the  camel ;  the  Utde  myopo- 
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tamus  (a  river  mouse)  the  hippopotamus;  the  puma  and 
jaguiir  the  great  carnivora  of  Bengal ;  and  the  tapir  the 
elephant.  In  addition  to  these  are  the  sloth  tribe,  the  ant- 
eaters,  the  small  but  curious  sapajous  and  spider-monkeys,  the 
cbinchilla,  and  a  few  others  of  less  importance.  North 
America,  with  few  of  these,  contains  a  remarkable  group  of 
large  ruminants,  including  the  bison  and  the  musk  ox.  It 
dso  has  the  grizzly  bear,  the  racoon,  several  opossums,  and 
several  carnivora  and  rodents.  Some  of  these  seem  to  have 
been  introduced  from  the  Old  World. 

Such,  expressed  very  briefly,  is  the  distribution  of  quadrupeds 
in  the  world.  -It  agrees  in  a  general  way  with  that  of  other 
tribes  and  classes  of  animals,  and  with  that  of  plauts.  To 
account  for  it  we  may  no  doubt  assume  that  each  district  was 
at  some  distant  period  a  detached  land,  for  which  was  created 
a  special  flora  and  fauna,  and  that  by  degrees  these  detached 
lands  have  come  into  contact  at  various  points.  We  must  in 
that  case  admit  that  the  lands  have  been  constantly  altering 
tn  climate  and  position  ;  constantly  becoming  less  fitted  for  the 
tril)es  once  adapted  to  them,  so  that  the  original  species  have 
dwindled  and  become  exhausted,  or  have  been  partly  replaced 
by  new  creations,  or  by  emigration.  If  this  be  so,  the  system 
of  nature  would  seem  to  be  imperfect,  and  always  tending  to 
derangement, — a  conclusion  neither  reasonable  nor  desirable. 

There  is,  however,  another  alternative.  It  may  bo  that, 
according  to  the  original  constitution  of  the  universe,  ail  these 
changes  of  circumstances  were  foreseen  and  provided  for; 
that  each  alteration  of  climate  as  it  occurred  was  met  by  a 
modification  of  form ;  that  where  a  new  species  was  needed,, 
there  a  new  species  grew,  out  of  some  one  that  had  performed 
its  task  ;  and  that,  apparently  by  a  system  of  development  and 
the  force  of  circumstances,  but  really  by  the  operation  of  that 
same  series  of  laws  that  keeps  the  earth  and  the  sun  in  their 
places  in  the  univerae,  all  the  required  changes  were  wrought 
oat.  The  reader  may  elect  which  of  these  two  hypotheses 
is  that  most  worthy  of  an  Almighty  Power. 


CHAPTER  XX. 

PISTREBUTION  OF  PLANTS  ASD  ANIMALS  IN  TIMK 

About  two  centuries  ago  a  great  controversy  raged  in  Italy  as- 
to  whether  certain  stones  imitative  of  organic  shapes  were  pro- 
duced by  a  peculiar  fatty  matter,  materia  pingiiis,  set  into  fer- 
mentation by  heat,  or  were  porous  bodies  (originally  renl  bniit3s 
and  shells),  converted  into  stone  by  the  action  of  a  "  lapidifying 
juice ;"  or  whether  possibly  they  may  not  have  been  mere 
stones  and  earthy  concretions  —  tet  naturtB — sports  of  nature, 
thrown  off  in  momenta  of  leisure  as  a  relaxation  from  the  heavy 
labour  of  carrying  on  the  every-day  affairs  of  life. 

The  stony  representatives  of  animals  and  plants  thus  exist- 
ing beneath  the  soil,  in  sand,  gravel,  limestone,  and  other 
substances,  were  then  included  with  other  mineral  substances 
and  spoken  ot  as  fossils,  or  things  dug  up. 

By  degrees  these  imitative  organic  shapes  were  found  in  so 
many  places,  and  in  such  great  abundance— they  simuhited  so 
exactly  the  I'emains  of  animals  and  vegetables — they  presented, 
for  investigation  so  many  remarkable  varieties  of  structure, 
and  seemed  to  indicate  so  clearly  that  they  had  once  belonged 
to  real  living  organic  beings,  that  the  study  of  '•fossils"  (this 
term  becoming  limited  in  its  meaning  to  fossil  organic  remains), 
ceased  to  be  the  pursuit  of  mere  curiosity  hunters ;  ami  it  was 
admitted  that  the  objects  in  question  must  be  the  remains  of 
the  former  inhabitants  of  the  world,  buried  during  the  lapse  of 
ages  in  those  various  deposits  of  mineral  matter  of  which  the 
earth's  crust  is  chiefly  composed. 

Thus  arose  the  department  of  zoology  and  botany  which  is 
now  called  Palaotiloloffy.  It  assumes,  that  as  a  certain  order 
of  arrangement  or  distribution  of  animals  and  vegetables  can  bo- 
traced  on  the  earth — different  districts  having  peculiar  climatea. 
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*nd  iistant  places  similar  climates — so  there  exists  a  distribu- 
tion of  life  in  time  almost  exactly  corresponding  with  this  dis- 
tribution in  vertical  and  horizontal  space. 

PalsBontology,  then — a  discourse  concerning  ancient  beings — 
involves  the  investigation  of  all  that  can  be  known  of  the  plants 
and  animals  of  the  ancient  world.  Each  one  of  the  beds  of 
strata  of  which  the  earth's  crust  is  made  up  is  the  home  of 
some  group  of  organic  remains  (fossils),  and  such  fossils  afford 
the  only  means  we  have  of  learning  the  conditions  under  which 
that  particular  bed  was  deposited,  and  the  representative  forms 
of  that  portion  of  geological  time. 

If  the  distribution  of  species  in  time,  as  in  space,  were  not 
a  law  of  nature,  we  should  soon  discover  it  by  finding  identical 
flpecies  in  beds  of  the  same  mineral  character  at  various  depths 
without  such  species  occurring  in  the  intermediate  deposits. 
In  other  words,  and  remembering  what  has  been  said  of  repre- 
sentative forms,  we  should  find  identical  species  in  beds  above 
And  below  those  which  contain  representative  species.  This 
.has  never  yet  been  done,  and  as  many  thousand  species  have 
been  examined  and  carefully  described  from  a  vast  number  of 
distinct  beds,  the  law  may  be  regarded  as  established. 

It  should  follow  from  this,  that  by  the  aid  of  Palaeontology 
all  the  gaps  and  deficiencies  that'  occur  in  th©  groupiug  and 
classification  of  animals  ought  to  be  filled  up.  Palaeontology 
and  general  natural  history  (zoology  and  botany)  together,  ought 
to  supply  every  link,  and  either  form  a  perfect  chain  or  prove 
ithat  there  is  no  such  thing  in  nature.  It  might  also  be  ex- 
pected that  we  should  be  enabled  to  determine  the  peculiarities 
of  climate  that  prevailed  on  the  earth  during  the  existence  of 
certain  groups  of  animals  and  plants  in  any  district.  In  a 
word,  an  unbroken  history  of  nature  in  her  operations  through 
the  organic  and  inorganic  world  would  seem  the  only  limit  to 
this  branch  of  science. 

It  will  be  clear  that  there  are  two  aspects  in  which  we  may 
•regard  Palaeontology.  On  the  one  hand,  collecting  and  arrang 
ing  the  varieties  of  specific  character  presented  by  the  lost 
races,  we  maj'  construct,  as  well  as  circumstances  admit,  a 
series  of  groups  of  species,  each  corresponding  to  a  presumed 
period  of  the  earth's  history,  regarding  each  of  these  periods 
as  a  region  in  which  characteristic  species  seem  to  have  origi- 
nated. Such  a  region  is,  in  technical  natural  history  language, 
a  specific  centre,  or  a  point  from  which  species  have  diverged. 
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The  whole  earth  is  considered,  according  to  this  view,  to  be 
parcelled  out  at  present  into  a  number  of  districts,  each  of 
■which  is  a  specific  centre,  and  each  such  district  must  be  sup- 
posed to  have  commenced  its  biological  history  by  having  no 
■species  except  those  created  expressly  for  it,  or,  in  other  words, 
all  the  prevailing  types  must  have  been  introduced  by  an  ex- 
press act  of  creation. 

Examples  of  such  natural  provinces  are  supposed  to  exist  in 
Europe.  Six  are  described  as  belonging  to  European  seas 
tmly,  and  a  province  is  understood  to  mean  an  area  within 
which  were  called  into  being  the  originals  or  protoplasts  of 
certain  animals  and  plants.  In  the  coarse  of  diffusion,  and 
through  the  lapse  of  time,  species  may  become  extinguished 
in  their  original  centres  and  remain  only  in  some  one  or  several 
portions  of  the  area  over  which  they  afterwards  became  diffused; 
and  as  groups  of  individuals  of  a  single  species  may  thus  be- 
<Mme  isolated,  they  may  present  the  fallacious  aspect  of  two  or 
more  centres  for  the  same  species.  To  get  at  the  causes  of 
such  phenomena  we  must  trace  the  history  of  the  species  back- 
wards in  time,  and  inquire  into  its  connexion  with  the  history 
of  geological  change. 

Provinces,  also,  like  species,  must  be  traced  back  to  their 
■history  and  origin  in  past  time,  and  palseoutological  research 
obtains  for  us  a  knowledge  of  groups  occupying  the  same  geo- 
graphical position,  but  changed  from  time  to  time  and  corres- 
ponding to  groups  of  organic  beings  occupying  different  regions 
in  space.  Such  is  one  of  the  aspects  under  which  Palseontology 
may  be  regarded. 

But  this  is  not  the  only  view.  As  the  comparison  of  species 
living  in  distant  countries  with  similar  climates,  or  in  seas 
immediately  adjacent  but  separated  by  an  impassable  barrier, 
shows  indistinct  groups  of  species  in  these  different  localities, 
not  less  does  the  comparison  of  typical  forms  under  such  cir- 
cumstances show  a  relation  of  analogy,  if  not  of  affinity.  A 
common  bond  of  brotherhood  appears  to  unite  the  various 
families  of  one  province,  however  distinct  they  may  seem ;  but 
a  bond  of  cousinship  only — a  mutual  relationship  to  the  same 
distant  ancestor's  the  link  that  unites  races  separated  by 
impassable  barriers.  Looking  back  far  into  time  we  find  that 
the  same  rule  holds  good.  The  resemblance  is  of  one  kind 
when  the  succession  is  made  out  in  any  given  spot  by  the  com- 
(paiison  of  species  in  beds  successively  deposited ;  but  of  another 
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kind  when  wo  examine  contemporaneous  groups  separated  by 
wide  intervals  of  horizontal  or  vertical  space. 

Finally,  Palaeoiitology  has  yielded  the  most  important  facta 
to  the  highest  range  of  knowledge  to  which  the  human  intellect 
aspires.  It  teaches  that  the  globe  allotted  to  man  has  revolved 
in  its  orbit  through  a  period  of  time  so  vast,  that  the  mind,  in 
attempting  to  realise  it,  is  strained  by  the  effort.  So  it  is 
when  we  attempt  to  conceive  the  space  dividing  the  solar 
system  from  the  most  distant  nebulae. 

Palfeontology  has  shown  that,  from  the  inconceivably  remoto 
period  of  the  deposit  of  the  Laurentian  rocks,  the  earth  has 
been  vivified  by  the  sun's  light  and  heat,  has  been  fertilised 
by  refreshing  showers,  and  washed  by  tidal  waves ;  that  the 
ocean  uat  only  moved  in  orderly  oscillations,  regulated  as  now 
by  sun  and  moon,  but  was  rippled  and  agitated  by  winds  and 
storms ;  that  the  atmosphere,  besides  these  movements,  was- 
healthily  influenced  by  clouds  and  vapours  rising,  condensing^ 
and  falling  in  ceaseless  circulation.  Under  these  conditions 
Palaeontology  demonstrates  that  life  has  been  enjoyed  dur- 
ing the  Slime  countless  thousands  of  years,  and  that  from  the 
beginning  with  life  there  has  been  death.  The  earliest  testi- 
mony of  any  living  thing,  whether  coral,  crust,  or  shell,  in  the 
oldest  fossiliferous  rock,  is,  at  the  same  time,  proof  that  it  died^ 
At  no  period  does  it  appear  that  the  gift  of  life  has  been 
monopolised  by  contemporary  individuals  through  a  stagnant 
sameness  of  untold  time ;  but  it  has  been  handed  down  from 
generation  to  generation,  and  successively  enjoyed  by  the  suc- 
cessive individuals  that  constitute  the  species.  Palaeontology 
further  teaches,  that  not  only  the  individual,  but  the  species, 
perishes ;  that  as  death  is  balanced  by  generation,  so  extinction 
has  been  concomitant  with  the  creative  power,  which  has  con- 
tinued to  provide  a  succession  of  species ;  and  furthermore, 
that  as  regards  the  various  forms  of  life  which  this  planet  has 
supported,  there  has  been,  on  the  whole,  an  advance  and  pro- 
gress.* 

Let  us  now  rapidly  glance  at  the  succession  of  organic  beiugs 
on  the  earth,  so  far  as  is  made  known  by  the  remains  that  havo 
been  handed  down  for  our  examination. 

The  remains  of  vegetation  found  buried  in  rocks  include 
all  parts  of  plants,  such  as  stem  or  trunk,  roots,  branches* 

•  Owen's  "  PalsBontology,"  pp.  2,  3. 
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leaves,  flowers  and  fruit.  Remains  of  this  kind  occur  in  rocks- 
of  all  ages,  though  they  are  chiefly  abuiulaut  in  those  of  the- 
carboniferous  period,  where  are  enormous  deposits  of  coal, 
derived  from  accumulations  of  vegetable  matter.  They  include- 
all  the  known  kinds  of  plants,  though  in  a  proportion  very 
different  from  the  present,  and  it  is  certain  that  the  same  great 
types  of  vegetation  have  alwavs  existed  from  the  time  when  the 
oldest  known  plant-bearing  rocks  were  accumulated  to  the  pre- 
sent day.  The  earliest  rocks  containing  fossils  of  this  kind 
are  the  Cambrian,  and  the  remains  are  those  of  marine  plants. 
Land  plants  are  known  in  rocks  of  the  Silurian  period. 

The  most  abundant  remains  of  ancient  vegetation  at  all 
recognisable,  ai'e  the  leaves,  or  rather  the  frondsof  ferns  These 
are  certainly  forms  more  easily  preserved  than  many  others^ 
but  they  may  probably  indicate  a  greater  abundance  of  plants 
of  that  kind  than  now  exists,  except  in  some  of  the  islands  of 
the  southern  seas.  Ferns  and  club  mosses,  cycads  and  coni- 
ferse, — these  are  the  abundant  kinds,  especially  in  old  rocks. 
In  the  more  modern  deposits  m  which  plants  occur,  there  are 
abundant  indications  of  trees  resembling  those  of  Europe  at 
present. 

But  the  extinct  species  made  known  to  us  by  the  fragments 
of  plants  in  the  coal  measure.^,  are  not  at  all  like  those  with 
which  we  are  now  familiar.  They  include  several  very  curious 
forms  Ferns  and  fern-like  plants  are  especially  abundant ; 
but  remains  that  seem  to  be  those  of  gigantic  club-mosses  and 
huge  reeds  are  even  more  characteristic.  Lepidodeiidroti  and 
Calamites  are  the  names  by  which  these  are  known  to  geologists. 
The  Sigillaiia  and  Stiffmaiia  would  seem  to  have  been  the 
trunks  and  roots  of  loftv  tree-ferns. 

The  LepidodendroM  se'^ms  to  have  been  a  form  intermediate 
between  the  conifers  and  the  lycopodiacese,  (club-mosses ) 
The  leaves  were  arranged  as  in  the  pines  :  the  branches  bifur- 
cate like  the  club-mosses.  The  club-mos'^es  are  now  always 
minute,  but  trunks  of  lepidodendron  have  been  found  indi- 
cating trees  50  feet  high.  The  leaves,  and  even  the  fruit, 
which  is  cone-shaped,  have  been  found  frequently  with  che 
trunk  ;  the  stem  of  the  tree  had  a  thin  cuticle,  a  double  cellu- 
lar zone,  a  hollow  vascular  cylinder,  and  a  pith.  The  tissue  is 
arranged  like  that  of  ferns.  Besides  this  transition  form,  true 
conifers,  resembling  the  Araucaria,  or  Norfolk  Isli^nd  pine, 
have  been  found  iu  the  coal  measures.     Some  specimens  are- 
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at  least  70  feet  long.  The  Sigillaria  was  probably  a  tree-fern, 
■sometimes  consisting  of  a  stem  100  feet  high,  crowned  with  its 
tuft  of  fern-like  fronds.  It  had  some  relation  to  the  conifers. 
The  roots  of  these  plsmts  were  large,  and  gave  off  an  enormous 
multitude  of  branching  fibres,  extending  often  20  or  30  feet. 
Besides  them,  there  were  palms  and  cycadeae  growing  abui>- 
•dantly. 

At  a  somewhat  later  period,  these  trees  were  followed  by 
■others,  more  closely  approximating  to  the  modem  zamias  and 
eycads.  Such  plants  existed  during  the  deposit  of  all  the 
secondary  rocks,  and  replaced  the  older  forms.  Many  exam- 
ples are  found,  not  only  of  the  fronds,  but  also  of  the  woody 
masses  which  are  characteristic  of  this  kind  of  vegetation,  and 
they  clearly  take  the  place  of  and  represent  the  sigillaria  and 
other  trees  of  the  coal  measures.  With  them  we  find  conifer- 
■aus  trunks  and  stems,  and  fruits,  apparently  of  palms.  AU 
these  belong  to  northern  and  central  Europe,  and  occur  in 
secondary  rocks  of  all  ages  terminating  with  the  chalk. 

The  tertiary  period  is  also  well  marked.  The  Cycadese 
were  then  gone,  and  were  replaced  by  trees  nearly  resembling 
those  of  our  own  forests,  but  mingled,  even  when  found  in 
England,  with  leaves  and  fruits  of  palms,  amd  of  many  plants 
and  trees  now  confined  to  the  warm  regions  of  the  Indian 
Archipelago.  Algae  and  marine  plants  abound,  but  there  is 
distinct  and  unmistakeable  proof  that  a  close  approximation 
was  made  to  the  existing  forms  of  vegetation,  even  at  the  time 
when  the  older  tertiaries  were  deposited. 

The  identification  of  plants  by  the  fragments  that  are  found 
in  a  fossil  state  is  not  easy  or  satisfactory.  Still,  it  seems  cer- 
tain that  the  tribes  of  plants  chiefly  accumulated  to  form  coal, 
and  those  leaving  their  mark  most  clearly  in  the  sand-stones 
and  clays  between  which  the  coal  is  found,  were  peculiar  and 
characteristic,  indicating  a  condition  of  things  worthy  of  care- 
ful study. 

Passing  on  now  to  the  animals,  let  us  first  take  those  of 
comparatively  simple  organisation.  Of  these,  there  is  a  large 
group  called  Protozoa.  They  are  simple  in  structure,  con- 
sisting of  a  repetition  of  similar  cells,  often  secreting  carbonate 
of  lime  or  silica  from  water,  and  not  unfrequently  superadding 
a  horny  integument.  The  common  sponge  affords  an  illustra- 
ition  of  the  skeleton  such  animals  possess.  Of  the  sponges, 
the  remains  of  species  secreting  limestone  abound  in  the  rocks 
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of  the  secondary  period,  especially  the  oolite  and  chalk,  while 
the  species  livin-^  now  are  chiefly  horny.  As,  however,  the 
horny  sponges  secrete  silica,  and  the  horny  parts  would  readily 
decompose,  while  their  root-filaments  form  large  entangled 
masses  of  siliceous  spicules,  extending  far  into  the  mud,  there 
is  reason  to  believe  that  sponge  remains  form  a  permanent  and 
sensible  part  of  the  sea-floor  in  the  case  of  deep-sea  organic 
deposits  of  existing  oceans. 

The  shells,  known  as  Foraminifera,  consisting  of  numerous 
cells  coated  with  carbonate  of  lime,  and  communicating  appa- 
rently by  small  orifices,  are  infinitely  abundant  in  some  de- 
posits. They  are  also  found  in  deep-sea  mud.  It  is  impossible- 
to  exaggerate  the  variety  of  form  presented  by  these  little  shells, 
most  of  which  are  microscopic.  Large  beds,  covering  thousand* 
of  square  miles,  are  made  up  of  single  groups  of  species,  and 
they  range  from  the  carboniferous  limestone  to  the  existing^ 
period.  One  form,  referred  to  this  group,  has  even  been  de- 
tected in  some  of  the  oldest  stratified  rocks  known,  certainty- 
much  older  than  the  earliest  Cambrian  rocks  of  the  British 
islands.  The  limestone  of  which  much  of  Paris  is  built,  is  a 
mass  of  these  remains ;  the  Pyramids  of  Egypt  are  built  of 
them ;  and  they  are  found  in  the  West  Indies.  Mud  from  the 
bottom  of  the  Atlantic,  at  a  depth  of  two  miles  and  upwards, 
over  a  space  measuring  1,0.00  miles  in  longitude  by  600  in 
latitude,  consists  of  nine-tenths,  by  weight,  of  similar  remains; 
and  in  the  Pacific  and  Antarctic  Oceans,  an  almost  equal  propor- 
tion of  the  mud  seems  to  consist  of  flinty  carapaces  of  animals 
very  closely  allied.  Dr.  Hooker  mentions  a  deposit  of  this  lat- 
ter kind  400  miles  long  by  120  broad,  and  of  great  and  rapidly 
increasing  thickness.  Siliceous  remains  of  the  simplest  forms 
of  plant-life  are  also  exceedingly  abundant,  and  form  beds  of 
sensible  magnitude,  although  it  requires  a  good  miscroscope  to- 
be  able  to  distinguish  the  smallest  trace  of  organisation,  on 
account  of  their  exceedingly  minute  proportions. 

It  is  the  opinion  of  the  best  microscopists  that  some  species 
of  these  animals  range  through  a  long  series  of  deposits,  ami 
also  through  wide  space  in  a  living  form.  It  may  be  assumed 
that  the  power  that  has  admitted  of  the  range  in  time  may  also 
account  for  the  range  in  space. 

Of  the  invertebrate  animals  of  more  complex  structure, 
&  very  large  proportion  are  represented  in  the  various  deposits,. 
and,  indeed,  there  are  none  possessed  of  any  hard  skeleton  or 
covering  without  some  examples  in  many  geological  periods. 
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There  are,  indeed,  some  so  uniformly  soft,  and  decomposing 
vi'nh  such  extreme  rapidity,  that  we  cannot  hope  to  see  them 
preserved.  Of  this  kind  are  the  sea-anemones,  and  some  of 
the  true  polyps. 

The  Qraptolites  (among  the  earliest  fossils  known)  are  ot 
this  kind,  and  are  now  represented  by  the  sea-pens.  They 
are  abundant  in  the  oldest  rocks,  not  only  throughout  the 
British  Inlands,  but  wherever  such  rocks  recur. 

With  the  Graptolites,  and  with  almost  all  the  limestones  of 
all  ages,  are  found  stony  corals  Of  these,  some  are  large, 
form  lug  gigantic  reefs  ;  others  are  minute.  There  is  a  marked 
difference  between  the  stony  corals  of  the  different  periods. 
Upwards  of  a  thousand  extinct  species  have  been  described, 
and  more  are  being  added  every  day. 

The  Polyzoa,  a  class  of  animals  intermediate  in  some  re- 
spects between  the  polyps  constructing  ordinary  coral,  and 
the  mollusca,  who,  for  the  most  part,  construct  shells,  are  as 
widely  distributed  as  either.  They  are  compound  animals, 
building  singular  and  complicated  habitations.  These  are  ol 
■extreme  beauty,  and  generally  of  small  size  The  number  of 
extinct  species  is  even  greater  than  that  of  the  true  corals. 

Of  Rtidiata,  the  "  stone  lilies,"  occasionally  met  with  on  our 
-coast,  formed  an  important  group  in  ancient  times.  The  Briar 
r<Biis,  a  species  of  the  genus  Pentacrinites.  named  from  its  hun- 
dred arms  thrown  out  to  collect  food,  is  found  in  the  middle 
and  west  of  England,  and  in  Yorkshire,  and  numerous  species 
-of  other  generic  forms  abound  in  the  carboniferous  limestone, 
and  the  oolites.  Star  fishes,  though  less  eonimon.  have  still  a 
wide  range, and  sea  urchins  are  distributed  at  distant  int/>ivals 
in  all  limestones. 

Of  each  of  the  tribes  of  articulated  inimals : — worms,  barna- 
cles, trilobites,  crabs  and  lobsters,  and  insects — some  examples 
are  found  fossil  in  various  rocks.  The  worms,  indeed,  are 
known  chiefly  by  their  casts,  though  two  or  three  species  pro- 
vided with  a  strong  coat  are  to  be  met  with.  The  barnacles 
are  widely  spread,  adhering  to  drift  wood  in  a  fossil  state,  and 
very  fiequently  to  bones  and  shells.  The  individuals  of  one 
group  of  these  [Lepadida]  were  apparently  at  a  maximum  in 
the  chalk  seas.  Thirty-two  species  of  this  group  are  described 
from  cretaceous  rocks,  and  only  five  are  now  known  in  tho 
richest  locality  for  animals  of  this  kind. 

A  remarkable  group  of  crustacean  animals  (the  Entomo*- 
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traea)  pervades  the  rocks  of  the  older  or  Palteozoic  period. 
Some  of  the  crustaceans  found  in  the  Old  red  sandstone  are 
supposed  to  have  belonged  to  individuals  who  attniued  a  length 
of  eight  feet,  and  many  of  the  others  vfere  a  yard  long.  They 
bear  some  slight  resemblance  to  fishes,  but  are  more  like  the 
king  crab  (Limtilus)  of  the  West  Indies.  Trilobites  are  not 
far  removed  from  them  in  proportions,  but  though  probably 
allied,  they  offer  many  difficulties  in  classification.  These 
animals  having  very  prominent  eyes,  with  large  lenses  made 
up  of  numerous  facets,  long  ago  attracted  attention,  as  proving 
that  in  the  most  ancient  seas  the  adaptation  of  the  eye  to 
light  resembled  that  now  adopted,  and  indicating  that  the  rela- 
tion of  the  sun  to  our  earth,  and  the  state  of  our  atmosphere 
-in  regiu-d  to  light,  cannot  have  greatly  changed. 

Whilst  the  marine  crustaceans  and  allied  animals  have 
altered  considerably,  the  insects,  necessarily  almost  confiued 
to  land,  seem  very  similar,  when  we  compare  those  of  the 
coal  measures  and  the  oolites  with  those  of  the  present  day. 
Beetles,  locusts,  drsgon  flies,  scorpions,  spiders,  have  been 
met  with,  and  though  not  identical  with  known  species,  they 
are  all  construcied  after  the  same  general  plan. ' 

Of  the  various  testacea,  the  lamp  shells  {Brachiopoda)  are 
in  old  rocks  the  most  abundant  and  characteristic,  and  have 
suffered  most  from  time.  Of  1,300  known  and  described 
species,  only  75  are  now  living.  The  extinct  forms  are 
grouped  into  several  genera,  some  of  which  are  chiefly  de- 
veloped in  the  oldest  or  palaeozoic  strata,  while  others  quite 
■distinct  are  more  modern.  The  living  shells  of  this  group 
mostly  inhabit  deep  water,  and  rocky  situations  not  very  ac- 
cessible to  the  dredge ;  but  they  do  not  appear  limited  to 
dimate,  some  inhabiting  the  sea  adjacent  to  our  own  coasts, 
othere  still  more  Arctic  waters,  others,  again,  the  seas  of  the 
warmer  parts  of  the  Atlantic,  and  the  rest  the  Antarctic 
Ocean,  and  the  shores  of  Australia  and  New  Zealand.  Al- 
though so  widely  distributed,  however,  there  are  only  nine 
living  species  of  the  group  now  referred  to,  although  more 
than  sixty  species  are  described  from  a  single  deposit  of  the 
older  secondary  period.  One  species  of  Terebratula  from  the 
chalk  so  closely  resembles  an  existing  species  that  it  cannot 
fairly  be  separated  from  it.  Other  groups  of  these  remarkable 
animals  are  equally  aberrant.  Both  recent  and  extinct  forms 
of  EhynchoneUa,  which  have  no  minute  piercing  of  the  shell 
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for  the  passage  of  tubular  spines,  aud  no  calcareous  skeleton 
of  spiral  form  to  support  their  arms,  have  been  found  all  over 
the  world.  One  of  these  recent  species  is  in  the  Arctic  seas, 
another  in  New  Zealand,  and  a  third  at  the  Feejee  Islands, 
while  of  the  250  extinct  species,  it  would  be  difficult  to  say 
where  they  may  not  be  looked  for.  Other  forms,  again,  as 
Orthis,  Calceola,  and  even  Pmducta,  though  once  extremely 
common  and  highly  characteristic,  are  now,  and  have  long 
been,  lost.  Crania  and  Lingula,  met  with  in  the  oldest  fos- 
sil iferous  rocks,  may  be  said  to  have  remained  almost  un- 
changed in  strata  of  every  period,  the  most  ancient  fossil 
shells  offering  absolutely  no  important  peculiarities  to  dis- 
tinguish them  from  their  recent  representatives. 

Of  the  bivalve  shells,  nearly  six  thousand  extinct  species. 
are  named  and  described,  in  addition  to  about  half  that 
number  of  recent  species.  These  forms  of  existence,  how- 
ever, would  seem  to  have  been  gradually  increasing  in  relative 
importance,  as  the  whole  number  of  described  species  in  aU. 
the  Silurian  rocks  is  less  than  100,  while  the  chalk  alone  con- 
tains 500,  and  one  part  (the  middle)  of  the  tertiary  series, 
800.  The  larger  natural  groups  are  similarly  represented. 
Thus  the  oysters,  the  scallops  {Pecten),  and  some  curious 
modifications  of  both  groups  are  infinitely  common,  both  in  a 
fossil  and  recent  state;  and  the  same  may  be  said  of  the 
mussels  and  the  large  group  of  ark-shells,  which  range  through 
rocks  of  all  ages.  The  fresh- water  mussels  (Unionidce)  are 
widely  distributed  in  fresh-water  formations,  and  can  hardly 
be  separated  from  existing  genera. 

A  curious  group  of  animals,  inhabiting  very  thick  and  masH 
sive  shells  like  the  recent  Chama,  seems  to  have  been  widely 
represented  by  numerous  generic  and  specific  forms  in  ancient 
seas,  especially  those  of  the  lower  chalk  period  (thence  called 
"  hippurite  limestone  ").  These  are  among  the  most  diver- 
gent structures,  and  admit  of  great  modification  of  form  in  the 
same  species 

The  cockles,  universally  distributed  now  in  space,  are  al- 
most equally  so  in  geologic  time.  Peculiar  forms  now  limited 
to  cei'tain  districts  are  found  indicated  in  the  fossils  of  the 
same  districts,  but  with  a  wider  range,  and  a  group  of  allied 
shells  (^Lucina,  Gorbis,  dc,  well  known  to  collectors),  are 
equally  common  in  a  fossil  and  recent  state. 

The  boring  shells  (Pholas  and   Teredo,  the  modem  ship- 
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Worm),  exercised  their  peculiar  powers  in  ancient  seas  as  at 
present,  pieces  of  drift  wood  in  a  fossil  state  being  found  with 
the  fossil  remains  of  the  extinct  boring  shells  embedded  in 
them.     These  have  not  been  found  in  beds  older  than  the  liasl 

Fossil  univalves  are  spread  quite  as  widely  in  the  rocks  and 
strata  of  various  age  as  the  bivalves:  but  while  the  extinct 
species  are  about  the  same  in  number  as  those  of  bivalves 
(6,000),  the  recent  species  exceed  8,000.  It  would  appesii:, 
therefore,  at  first,  that  the  group  of  univalves  was  of  more 
modem  introduction  and  later  in  attaining  its  maximum. 

The  air-breathing  or  land  animals  provided  with  shell* 
(snails,  &c.),  figure  so  very  highly  in  the  lists  of  recent  species 
as  to  amount  to  one-half  the  whole  number.  While,  therefore, 
the  number  of  extinct  species  of  land  shells  is  comparatively 
small  (only  about  450),  as  must  have  been  the  case  from  the 
far  greater  facility  with  which  the  marine  species  would  be' 
obtained  for  accumulation  in  aqueous  deposits,  it  results  that 
the  number  of  extinct  and  recent  species  of  marine  univalves 
is  about  the  same. 

Although  the  univalves,  as  a  group,  are  more  highly  orga- 
nised than  bivalves,  and  ought  therefore  to  be  more  strictly 
determinable,  there  are  great  practical  difficulties  in  this  re- 
spect, owing  to  the  slight  relation  between  the  shell  and  the 
animal,  and  the  tendency  of  the  shells  to  become  thickened 
and  coated  in  various  ways  when  the  condition  of  the  water, 
with  regard  to  transparency  and  quiet,  is  .seriously  altered. 
Thus,  the  shells  inhabiting  disturbed  water  are  generally 
thicker  than  those  of  the  same  species  in  calm  water,  and  this 
thickness  is  apt  to  affect  characteristic  peculiarities  of  struc- 
ture. On  the  whole,  however,  the  older  species  are  found,  on 
close  examination,  to  differ  from  ordinary  recent  types,  and 
the  nearest  allied  forms  are  to  he  found  among  the  more 
minute  and  rare  recent  species. 

A  group  of  shells  like  the  Argonaut,  unprovided  with  walls 
or  air-chambers,  is  found  in  psdseozoic  rocks,  ajid  these  pro- 
bably represent  the  Heteropoda  now  living.  The  shells,  how- 
ever, of  the  extinct  species  are  far  thicker  and  clumsier..  The 
strombs  which,  in  spite  of  their  massive  shells,  are  among 
the  animals  that  approach  the  delicate  and  fragile  Heteropoda 
in  structure,  extend  only  to  the  oolites,  while  the  whelk  tiibe, 
by  far  the  most  important  of  living  sea  shells,  are  only  repre'' 
sented  in  the  older  tertiaries.     Cones,  volutes,  and  co'Ties, 
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now  chiefly  confined  to  warmer  WHiers  than  those  around  our 
shores,  are  common  amongst  us  as  cretaceous  and  tertiaiy 
fossils,  and  the  same  may  be  siiid  of  the  large  groups  in- 
cluding the  limpets  (Patella),  the  tooth  shell  (^Dmtalium), 
the  top  shells  {Twbo  and  TrechiM),  aud  the  telescope  shells 
{Terebra^ 

But  it  is  chiefly  the  Cephalopoda  whose  remains  are  charac- 
teristic of  the  various  deposits,  from  the  most  ancient  dcnn  to 
the  chalk.  Comparatively  rare  now,  at  least  in  our  own  seas, 
'we  find  indications  of  no  less  than  1,400  extinct  species  to 
place  against  the  three  or  four  to  which  the  recent  lists  are 
limited. 

The  Ammonite,  Hamite,  Turrilite,  and  BacuLUe,  are  nautili 
-with  the  shell  straight  or  twisted  more  or  less  complet^y, 
and  with  the  septum  or  wall  of  separation  between  the  air- 
chamibers  making  a  more  or  less  zig-zag  intersection  with  the 
shell.  These  are  the  forms  found  ever^here  in  secoi^^y 
rocks.  Orthoceras,  and  other  straight  and  more  directly  uau- 
tiloid  forms,  characterize  the  older  rocks,  and  the  interme- 
diate Goniatite,  perpetuating  through  life  the  early  develop- 
ment of  the  ammonite,  marks  the  passage  from  one  to  the 
other. 

Sipliuncles  (tubes  passing  through  the  chambers  of  multi.- 
locular  shells),  6  feet  in  length  and  l^  inch  in  diameter,  mark 
the  gigantic  proportions  to  which  the  orthoceras  reached  ia 
the  Silurian  limestone,  and  huge  fragments  of  turrilite  from 
the  chalk  prove  that  no  degeneration  had  taken  place  in  this 
respect  after  the  lapse  of  so  long  a  period,  and  when  the 
reign  of  shelled  cephalopods  was  drawing  to  its  close.  The 
secondary  rocks  contain  five  hundred  species  of  ammonites, 
some  as  large  as  the  wheel  of  a  carriage,  and  they  range  not 
■only  throughout  Europe,  but  in  many  parts  of  Asia,  Africa, 
and  the  two  Americas. 

Besides  those  provided  with  defensive  armour,  the  naked 
and  soft  cuttle  fish,  poulpes,  or  calamaries  seem  to  have  been 
present  in  incredible  abundance.  Complete  specimens  have 
been  found  not  rarely  in  some  of  the  clays,  while  the  curious 
pen,  the  ink-bag,  the  homy  claws,  the  mandibles,  the  mantle, 
-and,  in  fact,  the  complete  mummy  of  the  animal  have  been  pre- 
served, and  are  occasionally  collected.  Among  the  most  com- 
mon remains  of  these  animals  is  the  stony  Belemnite,  a  well 
known  cylindrical  fossil,  having  one  extremity  pointed  and 
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-eligbtly  conical,  and  terminating  upwards  in  an  open  fuunel- 
shaped  cavity.  The  whole  of  this  fossil  represents  the  white 
citlSe-botu,  often  picked  up  on  our  shores,  which  serves  as  a 
-fikdeton  for  the  attachment  of  the  muscles  of  the  cuttle 
«sh. 

Such,  in  a  few  words,  are  the  fossils  of  the  invertebrate' 
elasses,  as  at  present-  Imown ;  but  before  concluding  this  brief 
outline  i^  is  well  to  remark,  that  every  type  of  invertebrated 
animal  is  represented  in  the  oldest  of  tdl  those  rocks  in  which 
organic  remains  have  hitherto  been  found. 

While  the  remains  of  invertebrata  are  thus  abundant  and. 
distinct,  even  in  the  oldest  rocks,  it  is  a  matter  of  discussion, 
whether  fragments  of  fishes  were  or  were  not  always  associated 
with  them.  The  teeth  of  some  species  of  fishes  occur  in  the 
locks  of  the  later  silurian  period,  and  prove  the  existence  at 
that  time  of  true  vertebrate  animals.  These  have  been  found 
in  a  well-known  deposit  near  Ludlow.  One  of  them  belonged 
to  a  Mud  of  dog-fish  or  small  shark,  and  the  other  to  a  repre- 
sentative of  a  singular  group  of  ancient  fishes,  provided  vnth 
•enamelled,  bony  plates,  locked  together,  and  occupying  the 
place  of  ordinary  scales,  which  overlap  each  other.  There  is 
nothing  whatever  in  the  structure  of  these  fishes  to  intimate 
that  they  were  the  earliest  forms  introduced  on  the  earth. 

The  spines  of  these  early  inhabitants  of  the  sea  are  two 
inches  in  length,  and  stre  found  vfith  petrified  portions  of  the 
skin,  which  are  tubercular  and  prickly,  like  shagreen,  and  also 
with  the  rejectamenta  (coproUtes)  of  fishes,  containing  undi- 
gested portions  of  food,  including  recognisable  parts  of  the 
small  molluscs  and  crinoids  which  inhabited  the  sea-bottom  in 
company  with  the  fish.  Other  remains,  resembling  jaws  with 
teeth,  are  still  considered  doubtful,  and  the  combination  of 
jaws  and  teeth  of  the  kind  they  resemble,  with  the  spines  and 
shagreen  of  the  dog-fish,  would  be  a  combination  of  diaracters 
not  elsewhere  known. 

The  group  of  fishes  to  which  the  species  above  alluded  to 
belongs  includes  the  sharks  and  rays,  two  distinct  but  allied 
natural  groups.  The  former  are  remarkable  for  fins  provided 
with  hard,  defensive  spines,  the  action  of  which  is  connected 
with  the  use  of  the  fin,  being  lifted  up  or  lowered  during  the 
peculiar  rotary  motion  of  the  body  of  all  the  shark  tribe,  <tnd 
also  serving  as  a  weapon.  In  the  case  before  us,  the  spine, 
two  inches  long,  which  must  have  belonged  to  a  dog-fisk  of 
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modeiate  size,  indicates,  at  the  same  time,  the  existence  or 
another  larger  fish,  the  natural  enemy  of  this,  and  against  whose 
attacks  the  weapon  was  provided.  No  remains  of  such  larger' 
animal  have  yet  been  found.  ■ 

Spines  of  sharks  and  rays  are  found  in  rocks  of  various  ages. ' 
They  are  generally  grooved  and  often  toothed  in  the  older 
rocks.  This  denticulation  is  sometimes  seen  on  both  sides  of 
the  spine,  a  structure  not  now  met  with,  except  in  one  family' 
of  rays,  so  that  it  is  possible  that  sting-rayB,  as  well  as  sharks,' 
abounded  in  seas  of  the  carboniferous  period.  The  dimensions' 
of  the  spines  increases  in  the  secondary  rocks,  and  in  the  lias 
they  have  been  found  very  large. 

With  such  spines  have  been  found  the  peculiar  teeth  belong- 
ing to  a  family  of  sharks  now  only  met  with  on  the  coast  of 
Australia  and  China,  and  known  as  the  Port  Jackson  sharks 
{Cestradonts).  There  are  now  only  two  or  three  species  of 
these  animals,  and  the  group  seems  approaching  extinction. 
It  formerly  flourished  under  a  great  variety  of  forms,  repre- 
sented by  species  some  of  which  attained  dimensions  far  exceed-' 
ing  the  largest  known  living  cestracionts.  -        ' 

The  teeth  of  these  animals  is  peculiar,  and  especially" 
adapted  to  the  taking  and  masticating  crustaceans  and  sheU 
animals.  The  animals  are  of  a  harmless,  timid  character,  and 
use  their  peculiar  spines  for  defensive  purposes  only.  The 
whole  of  the  inside  of  the  mouth  and  palate  are  completely 
paved  with  flat,  crushing  teeth,  diminishing  gradually  in  size 
as  they  pass  back  to  the  throat.  This  beautiful  tesselation  is 
quite  unrivalled  in  fishes  or  any  other  animals,  although  the 
general  contrivance  is  repeated  with  various  modifications  in 
the  hard-boned  fishes.  It  indicates  a  diet  of  lower  organised 
animals  than  those  on  which  the  true  shark  preys,  and  a  cor- 
responding difference  -of  character  and  disposition. 

Teeth  of  true  sharks  have  not  been  found  yet  in  rocks  more 
ancient  than  the  oolites,  but  are  common  there,  and  much 
more  so  in  newer  rocks.  Some  of  them  indicate  animals  of 
the  largest  size  and  most  predatory  habits,  resembling  both  the 
blue  and  white  shsirk  of  existing  seas.  The  tooth  of  a  modem- 
shark  two  and  a  quarter  inches  long  corresponds  to  an  animal 
measuring  twenty  feet  in  length ;  but  from  the  middle  tertiary 
beds  of  Malta  specimens  of  teeth  have  been  obtained  more 
than  double  the  dimeusions  mentioned,  and  therefore  belonging 
to  an  animal  perhaps  sixty  feet  long.     Teeth  of  a  species 
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KTcry  nearly  allied,  and  of  the  same  genus,  have  been  found  ia 
,-the  red  crag  of  Suffolk,  considerably  laj-ger  even  than  this. 

Another  nearly  extinct  natural  order  of  fishes  is  abundant 

in  a  fossil  state.     A  curious  fish,  known  in  the  northern  seas 

j.as  the  "  king  of  the  herrings,"  belongs  to  this  order.    It  is 

(.represented  by  two  species  in  Chinese  and  Australian  waters, 

I  but  is  otherwise  unknown. 

Beak-shaped  jaws  and  mandibles,  and  curious  spines  of 
•vallied  species,  are  common  in  some  of  the  older  rocks,  and  aro 
^  the  principal  remains  o£  such  animals  preserved,  inasniuch  as 
:  their  bones  are  cartilaginous.  Occasionally,  however,  in  an- 
.  cient  times,  the  soft  skeleton  of  these  fishes  was  abundantly 
.strengthened  by  an  external  casing  coated  with  the  hardest 
-enamel  and  formed  of  plates  of  various  shapes,  closely  locking 
.into  each  other.  Such  boxes  of  bone  plated  with  enamel  havp 
preserved  the  form  of  some  curious  inhabitants  of  the  primeval 
•-seas. 

One  of  the  most  singular  of  the  fishes  of  this  kind  is  the 
wing  fish  {Pterichthys),  an  animal  in  which  the  head  and  half 
;the  body  were  defended  by  interlocking  plates  of  hard  bone, 
•coated  with  enamel.  The  plates  covering  the  head  correspond 
in  some  measure  with  the  cranial  bones,  of  fishes,  but  not 
(exactly.  The  rest  of  the  body  not  covered  with  plates  was 
<lefended  by  small  scales,  flexible  like  scale  armour.  The 
-helmet  or  coating  of  the  head  was  articulated  to  the  body, 
Admitting  of  a  certain  amount  of  motion— a  rare  peculiarity 
in  fishes — and  there  were  two  long  and  slender  spines  pre 
^3eding  irom  between  the  head  and  neck,  also,  coated  with 
enamel  plates.  These  spines  may  have  served  to  aid  the  fish 
in  shuffling  along  the  sandy  bottom  or  bed  of  the  sea  if  left 
dry  at  low  water.  There  were  small  fins  attached  to  the  flex- 
ible part,  which  indicate  a  certain  though  small  power  of  swim- 
miug.  In  a  closely  allied  animal  {Cephalaspis)  larger"  fins 
have  been  observed,  and  a  well-marked  capsule  of  theeye-baU; 
and  in  another  {Coccosteiis),  the  pectoral  fins  are  absent,  and 
the  helmet  is  united  to  the  cuirass. 

Strange  as  seem  the  forms  and  structure  of  these  fishes  of 
the  "  Old  Hed"  period  there  are  not  wanting  existing  species 
to  throw  light  upon  them.  The  "  trunk-fishes,"  for  example,f 
though  small,  exhibit  the  peculiarity  of  possessing  a  kind  of 
oairass  composed  of  articulated  plates,  having  tubercles  on  the' 
.■CTtrmal  surface  prolonged  into  spines,  while  the  caudal  ex- 
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f  tremity  protrudes  undefended  from  the  back  part  of  the  cuinsSi 
Another  existing  family,  the  "  Silaroids,"  have  the  head  de» 
fended  by  a  kind  of  buckler,  while  the  body  and  tail  are  nn- 
d^nded. 

Another  remarkable  group  of  fishes,  having  large  rhombic 
,  scales  like  those  of  great  reptiles,  and  belouguig  to  nTn'mMfr 
attaining  gigantic  proportions,  is  characteristic  of  the  cool 
measures,  and  has  very  near  r^resraitatives  in  the  newer  bedg. 
In  one  of  these  (MegaUehthys)  the  head  was  defended  by 
strong,  bony  plates,  coated  with  enamel,  of  a  beautiful  polisl^ 
but  not  interlocking.  In  these,  as  in  all  the  fishes  from  old 
rocks,  the  vertebral  column  is  invariably  continued  beyond  the- 
body,  to  form  an  unsymmetrical  tail-fin,  a  peculiarity  now  con- 
fined to  a  comparatively  small  number  of  existing  fish  in  a 
grown  state,  although  stiU  observable  in  the  young  and  rudi- 
mentary skeleton. 

A  singular  group  of  fishes  (Lepidotiis),  adapted  by  their 
'pavement  of  crushing  teeth  to  feed  on  small  testaceous  and 
crustaceous  animals,  and  resembling  in  form  some  of  our  flat 
fish,  belonged  to  the  same  natural  division  as  the  fishes  we 
have  just  been  describing,  and  are  chiefly  found  in  secondary 
rocks.  Like  them,  their  scales  were  coated  with  enamel,  and 
the  tail  was  generally  unsymmetrical,  and  directly  attached  to 
a  continuation  of  the  back  bone. 

The  sturgeon  is  the  best,  or  at  least  the  best  known  existing 
fish  of  the  so-called  ganoid  order ;  a  name  given  to  this  group- 
owing  to  the  peculiarity  of  the  scale,  which  is  bony  and  coated 
with  enamel.  Almost  all  the  ancient  fishes,  except  the  sharks 
aad  rays,  are  of  this  kind. 

In  the  has  is  a  species  of  sturgeon,  to  some  extent  transi- 
tional ;  its  food,  however,  though  similar  to  that  of  the  existing 
members  of  its  family,  was  apparently  procured  in  a  tranquil 
sea  rather  than  in  such  tumultuous  waters  as  are  frequented 
by  the  sturgeons  at  present. 

We  have  no  space  to  dwell  on  the  numerous  gradual  approxi- 
mations to  existing  forms  exhibited  by  the  fishes  of  successive* 
j)eriods.  Among  the  most  singular  and  interesting  remains,, 
idowever,  we  may  mention  the  "  sword"  or  defensive  weapon, 
more  than  a  foot  in  length,  of  a  kind  of  sword-fish,  found  in  the 
tertiary  day  of  Sheppey  and  Bracklesham,  and  species  of  tur- 
hot  and  sole  are  found  in  the  tertiary  deposits  of  Monte  Bolca. 
In  other  tertiary  formations  are  found  fossil  cod,  mullet,  caip, 
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salmon  and  hemBg,  many  of  them  so  closely  related  to  existing 
species  as  to  be  with  difficulty  distinguished  from  them. 

There  is  a  very  curious  department  of  palaeontology,  which 
it  seems  convenient  to  take  into  consideration  at  this  stage  of 
the  sulgect,  inasmuch  as  most  of  the  remains  now  to  be  des- 
cribed are  those  of  animals  more  or  less  terrestrial.  This  de- 
partment is  called  iehnology,  and  is  intended  to  include  a 
group  of  fossils,  in  which  there  is  indeed  no  oi^nic  matter 
present,  but  where  there  are  indications  not  one  whit  less 
certain  of  former  oi^anic  existence. 

The  evidences  of  atfcient  life  to  which  we  now  allude,  are, 
illustrated  by  what  are  called  "fossil  footsteps."  Under  this 
name  markings  in  sandstone  have  been  known  for  many  years, 
many  of  which  have  generally  been  referred  to  reptilian  animals. 
Let  Tis  consider  for  a  few  moments  what  such  indications  are, 
and  how  they  have  been  preserved. 

A  film  of  clay  resisting  the  escape  of  a  bubble  of  gas  may 
retain  the  circular  trace  loft  by  the  collapse  of  the  bubble ;  a 
flash  of  lightning  may  record  its  path  through  soft  sand  by 
melting  it  into  glass  during  its  swift  transit  in  search  of  mdst 
earth;  a  small  wave — a  rain-drop — a  hailstone— the  breath  of 
a  wind  as  it  heaps  loose  sand  into  ripples — the  sudden  efTeot 
of  frost  dtuing  a  clear,  calm  night — ^the  crack  p:x)dueed  by  the 
heat  of  the  sun  on  a  hot  day — the  little  heap  of  mod  left  by  a 
■worm  as  it  came  to  the  surface  or  crawled  along  it ;  any  or  all 
of  these  may  be  preserved  permanently-:— may  become  an  inte- 
gral part  of  a  sandstone,  a  clay,  or  a  limestone  bed  then  fonn< 
ing,  and,  like  the  photograph,  may  fix  for  ever  an  exact  image 
,of  the  most  transitory  occurrence  in  natm*. 

But  not  only  may  we  have  indications  of  inorganic  nature ; 
sea- weeds,  including  those  kinds  that  decay  very  rapidly— soft- 
bodied  animals,  such  as  the  sea  anemone  or  the  medusa — soft 
parts  of  the  animals  of  which  we  also  have  the  skeletons — 
all  these  may  be  indicated ;  and,  besides  these,  are  the  im- 
pressions made  by  various  animals  when  moving  across  sands 
or  mud  when  the  surface  passed  over  was  favourably  oireum. 
stanced  for  retaining  the  imprint.  There  are  many  ways  by 
which  such  impressions  may  be  preserved. 

In  the  oldest  rooks,  rain  drops,  ripple  marks,  the  bearing* 
of  worms,  and  the  scratchings  attributed  to  small  crustaceans 
or  fishes,  attest  the  existence  of  animal  life  even  where  all 
remains  of  such  animals  are  absent.    But  it  is  by  no  means 
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easy  to  determine  the  nature  of  the  animal  from  mdications  of 
this  kind,  and  the  earliest  markings  are  also  amongst  those 
most  obscure.  The  earliest  of  all  are  thought  to  have  been 
made  by  a  large  crustacean,  perhaps  a  kind  of  trilobite,  but 
they  do  not  show  that  side-long  motion  which  characterises  the 
crab. 

Belonging  to  a  remarkable  genus  of  extinct  reptiles,  which 
is  called  Labyrinthodon,  owing  to  the  complicated  appearance 
of  a  section  of  the  tooth,  we  find  numerous  remains  in  the 
coal  measures  of  America  and  in  the  new  red  sandstone  is 
many  parts  of  the  world.  Some  of  these  would  seem  to  have 
.belonged  to  animals  of  large  size.  The  head  was  very  wide, 
^and  defended  by  a  kind  of  helmet  of  externally-sculptured  hard 
.and  polished  bones ;  the  teeth  were  large  and  complex,  and  the 
general  form  must  have  been  something  between  that  of  the 
toad  and  the  land  salamander. 

No  less  than  five  vrell-marked  species  of  these  remarkable 
animals  have  been  determined  from  British  specimens  found 
■in  the  new  red  sandstone,  and  many  others  are  known  from 
continental  (European)  deposits  of  the  same  age.  They  vary 
,in  size  and  in  proportions,  and  exhibit  in  some  cases  strikii^ 
.^peculiarities  of  structure.  The  proportions  are  peculiar,  as  in 
.the  case  of  one  group  of  specimens,  consisting  of  two  fragments 
of  a  skull  and  portionsof  the  lower  jaws,  with  bones  of  die  leg, 
the  bones  of  the  head  correspond  vfith  those  of  a  crocodile  six 
jor  seven  feet  in  length,  and  those  of  the  hinder  extremities 
with  crocodiles  twenty-five  ■  feet  in  length,  showing  a  singular 
.disproportion  compared  with  existing  saurians,  but  an  approxi- 
mate magnitude  compared  with  tailless  batrachians. 
-  An  important  conclusion  is  drawn  from  the  consideration  of 
.these  remains.  It  is,  that  the  supposed,  class-distinction  be- 
tween fishes  and  reptiles  is  artificial,  and  that  all  the  cold- 
Jblooded  vertebrata  form  one  unbroken  progressive  series.  Many 
of  the  earliest  reptiles,  known  to  us  only  by  fossils,  and  many 
of  the  earlier  fishes,  are  connected  by  intermediate  gradations, 
80  complete  as  to  render  it  impossible  in  some  cases  to  deter- 
mine whether  the  fish  or  the  reptile  is  more  nearly  approached. 
Passing  on  another  step,  we  come  to  the  very  interesting 
group  of  large-finned  reptiles,  which  connect  in  one  direction 
with  the  warm-blooded  cetaceans,  and  in  the  other  with  fishes. 
Characteristic  of  the  great  secondary  period,  these  animals  then 
Attained  proportions  so  gigantic,  and  adapted  themselves  bo 
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Jjompletely  to  perform  the  paxt  of  the  ■whales  and  other  cetacea 
who  have  succeeded  them,  tiiat  they  have  always  been  regarded 
as  affording  support  to  the  idea  of  a  gradual  development  of 
restructure  from  a  lower  to  a  higher  type.  They  have  been  long 
familiar,  although  known  only  by  their  remains  in  a  fossil  state. 
These  are,  however,  so  perfect  as  to  include  even  the  skin,  the 
rcontents  of  the  stomach,  and  the  structure  of  the  caudal  fin,  a 
soft  and  easily-decomposed  appendage,  whose  existence  and 
'structure  are  recognised  from  the  position  of  the  vertebral 
column  in  the  skeleton.  In  many  respects,  these  are  among 
the  most  interesting  and  instructive  of  all  the  extinct  reptiles. 
TThey  are  grouped  into  two  orders,  the  first  of  which  contains 
only  the  Ichthyosaurus  or  fish  lizard. 

Few  things  in  natural  history  are  more  striking  than  the 
minute  details  we  possess  of  the  habits  and  pecidiarities  of 
this  animal.  Its  tail  alone  indicates  the  combination  of  beast- 
like, lizard-like,  and  fish-like  characters  possessed  by  it ;  and 
almost  every  other  bone  marks  the  same  fact.  The  skull,  in- 
deed, affords,  in  its  minute  anatomy,  almost  all  that  could  be 
required ;  and  if  only  a  few  vertebrse  had  remained,  there 
wou'd  still  have  been  little  doubt  as  to  most  essential  points. 

A.  considerable  variety  of  marine  reptiles,  more  or  less  widely 
departing  from  the  fish  type  and  approaching  that  of  the  cro- 
codiles and  liaards,  are  distributed  throughout  the  whole  of  the 
rocks  of  the  secondary  period.  In  the  oldest  of  these  rocks 
(the  triassic  rocks  of  geologists)  are  some  combining  peculiari- 
ties of  the  crocodile  and  the  turtle,  while  there  is  one  genus, 
Flacodus,  provided  with  a  pavement  of  teeth  so  remarkable 
and  so  like  that  of  the  Port  Jackson  shark,  or  woK-fish,  that 
the  remains  were  long  referred  to  a  family  of  true  fishes.  Some 
of  the  Australian  lizards  exhibit  the  same  peculiarity,  and  the 
hones  of  the  skuU,  which  alone  are  known,  have  established 
the  position  of  this  animal  among  the  reptiles.  It  fed,  probably, 
on  crustaceans  and  shelled  molluscs. 

The  Plesiosaurus  is  an  animal  as  well  and  as  long  known  as 
liie  ichthyosaur,  and  both  are  equally  remarkable  for  the  ex- 
traordinary abundance  of  their  fossil  remains  in  England,  and 
the  singular  variety  and  number  of  species  determined.  They 
range  from  the  lias  to  the  chalk,  inclusive.  Although  singu- 
larly unlike  in  external  form,  the  relations  of  plesiosaurus  to 
Bpme  of  the  turtles  are  very  marked.  The  extreme  length  of 
the  neck,  characteristic  of  some  species,  is  less  considerable  in 
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others,  and  in  an  allied  genus  (Pliosaurus)  is  reduced  to  a  shorty 
compact,  bony  connection  between  the  head  and  trunk.  As  ia 
other  respects  the  bony  frame-work  of  pliosaurus  and  plesio- 
saurus  agree,  and  the  former  is  sometimes  so  large  as  to  indi- 
cate a  leiigth  of  thirty  or  forty  feet,  in  spite  of  the  absence  of 
neck.  It  is  unsafe  to  judge  of  the  limits  of  plesiosaurus,  except 
when  we  have  the  complete  skeleton  before  us.  The  animal 
was  generally  slender,  and  does  not  appear  to  have  reached 
a  much  greater  length  than  thirty  feet,  judging  from  the 
specimens  hitherto  found. 

A  modification  of  these  marine  saurians  is  seen  in  a  group- 
of  fossils  brought  several  years  ago  from  South  Africa,  indi- 
cating a  reptile  (the  Dicynodon)  having  a  long  and  curved, 
tusk  on  each  side  of  the  upper  jaw.  The  jaw  itself  was  pro- 
bably beak-shaped,  and  covered  with  horn.  This  curious  com- 
bination of  tusks,  like  those  of  the  sea-horse,  with  a  horny- 
mandible,  like  that  of  a  turtle,  belonged  to  an  animal  of  con- 
siderable size,  the  skull  of  one  individual  measuring  twenty 
inches  in  length  by  eighteen  inches  across.  A  more  lizard-like 
animal  (Rhynchosaurus)  provided  with  similar  mandibles,  though 
without  the  tusks,  is  knovm  from  some  English  beds  of  the 
new  red  sandstone  period.  In  slabs  from  ^he  same  quarry 
as  that  in  which  these  bones  were  found  were  numerous  foot- 
prints, supposed  to  have  been  made  by  this  creature,  but 
greatly  resembling  the  impressions  that  would  he  made  by  a 
bird  The  feet  of  the  unknown  animal  were  partly  webbed,, 
and  one  hind  toe  touched  the  ground  with  its  point. 

A  still  more  bird  like  saurian  than  the  Ehynchosaurus  was 
the  Pterodactyl  or  wing-finger,  one  of  the  most  remarkable  of 
all  the  reptilian  animals  hitherto  described,  whether  in  recent 
or  fossil  state.  Like. many  other  reptiles,  these  animals  be- 
longed exclusively  to  the  secondary  period,  and  seem  to  have- 
ranged  through  that  period,  although  with  difiFerent  species.^ 
The  head  was  large,  with  long  jaws,  armed  with  sharp  pointed^ 
teeth,  and  the  skull  was  lightened  by  large  vacuities.  The 
loiig  bones  were  light,  hollow,  and  permeated  by  air-cells. 
Tlie  back  was  small  and  weak,  and  the  hind  limbs  and  pelvis, 
weak,  so  that  the  creature  could  not  have  stood  or  walked  like- 
a  bird, -but  must  have  dragged  along  the  ground  like  a  bat.. 
But  the  fore  extreniities  are  wonderfully  developed,  the  fifth 
or  outermost  digit  or  finger  having  been  so  greatly  elongated 
as  to  mark  its  use  for  flying.    No  doubt,  a  lai^e  and  strong. 
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membrane  extended  from  this  elongated  finger  to  the  body 
and  tail,  including  the  hind  extremities.  The  pterodactyls' 
were  probably  poweifal  swimmers  as  well  as  flying  animals. 

Most  of  the  species  were  small,  but  some  from  the  greenaand ' 
and  chalk  appear  to  hare  attained  very  gigantic  proportiona, 
the  expanse  c^  the  winga  reaching  to  eighteen  or  twenty  feet 

A  group  of  gigantic  reptiles^  some  camivorous  and  soma- 
herbivorous,  characterised  the  land  of  the  secondary  period,, 
and  their  remains  are  sparingly  distributed  amongst  such  de- 
posits as  were  sufficiently  near  shore  to  accumulate  terrestrial ' 
organisms. 

In  some  pectdiaritieB  of  dentition,  the  Megalostrnnu  ap- 
proaches the  structure  of  the  higher  mammals,  and  the  teem ' 
afford  a  singular  combination  of  cutting  and  sawing  implements. . 
This  animal,  like  the  other  gigantic  land  reptiles  of  the  period,, 
was  supported  on  four  strong  and  tail  limbs,  terminated  pro- 
bably  with  claws.  The  bones  of  the  extremities  were  hollow, . 
and  some  of  the  remains  indicate  an  animal  thirty  feet  in  length, 
amd  of  a  height  proportioned  rather  to  that  of  the  elephant- 
than  the  crocodile.  The  bones  of  the  megalosaur  and  an  allied 
genus  are  found  in  the  lower  parts  of  the  oolitic  series  and  the 
Has,  but  another  reptile  of  similar  proportions,  though  less  com- 
pletely carnivorous,  occurs  in  the  wealden  beds,  together  with 
fragments  of  a  purely  herbivorous  giant  very  nearly  allied. 
The  latter  (Igwmodon)  has  generally  been  compared  with  the- 
laige  iguEuias  still  living,  though  the  relations,  except  in  the 
peculiar  structure  of  the  teeth,  are  not  clearly  indicated. 

Crocodiles,  and  crocodilean  reptiles,  seem  to  have  existed 
from  the  deposit  of  the  old  red  sandstone  to  the  presenl 
time,  and  several  of  the  peculiar  varieties  of  form  in  which 
they  are  still  found  are  represented  by  very  ancient  extinct 
species.  Thus,  the  alligators  or  caimans,  the  ga vials,  and  the 
true  crocodiles,  are  all  seen  in  very  old  deposits.  In  former 
times  they  were  probably  as  abundant  in  the  waters  and  swampy 
lands  that  then  occupied  the  sites  we  inhabit,  as  they  are  at 
present  in  the  swamps  at  the  mouths  of  all  the  great  tropical' 
livers.  Lizards  and  other  reptiles,  some  of  gigantic  size,  Kved' 
during  the  deposit  of  the  chalk,  and  smaller  kinds  must  have' 
been  at  all  times  common. 

Bemains  of  serpents  are  less  frequently  found,  as  being- 
rarely  likely  to  mix  with  water-formed  deposits.  They  are, 
however,  not  absent  in  the  newer  rocks,  though  hitherto  un- 
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known  in  those  of  the  secondary  period.  Tortoises  and  turtles 
ibelon^  both  to  the  secondary  and  tertisiry  period,  and  many 
curious  varieties  of  form  are  shown.  One  tortoise  of  very  gigantic 
proportions  lived  in  India  during  the  mifldle  tertiary  period,  it8 
carapace  measuring  no  less  than  twenty  feet  in  length. 

On  the  whole,  the  class  of  reptiles,  unUke  that  of  fishes, 
peems  now  on  the  wane,  having  been  chiefly  abundant  during  the 
middle  of  the  three  great  geological  periods.  It  was  then  that 
the  colossal  air-breathing  species,  having  the  highest  grade  of 
structure  and  the  most  marked  peculiarities  and  modifications, 
seem  to  have  lived.  Their  progr^s  has  since  been  checked ; 
pther  air-breathers  of  higher  types  have  replaced  them,  and 
they  have  been  driven  out  by  other  tribes  which  they  both 
typified  and  represented.  Of  eight  great  divisions  of  the  class, 
three  are  altogether  gone;  and  of  the  other  five,  three  only  can 
be  regarded  as  having  in  recent  times  their  chief  development, 
while  important  natural  families  in  some  of  these  have  passed 
through  all  their  stages,  and  finally  disappeared. 

The  earth  is  now  peopled  with  mammals,  and  the  air  with 
birds,  while  in  the  sea  whales  take  the  place  of  the  ancient 
reptilian  monsters.  Of  modem  reptiles,  the  tortoises  and  tur- 
tles, the  crocodiles,  the  lizards,  and  the  frogs,  offer  analogies 
enabling  us  to  comprehend  the  peculiarities  of  the  extinct 
forms,  but  in  comparatively  few  instances  do  they  represent 
iorms  truly  analogous.  Most  of  the  representatives  of  these 
remaining  natural  groups  are  comparatively  small,  and  occupy 
a  lower  relative  place  in  creation  than  they  once  did. 

Birds  are  supposed  to  be  recognised  by  their  footsteps  in  the 
most  ancient  rocks,  but  these  may,  perhaps,  have  been  made 
by  flying  reptiles.  Of  bones  or  other  actual  organic  remains, 
there  is  nothing  more  ancient  than  the  remarkable  fossil  re- 
cently obtained  from  the  oolitic  beds  in  Germany,  and  now  in 
the  British  Museum.  Here,  there  are  feathers  as  well  as  bird- 
like bones.  For  the  most  part,  birds  inhabit  land,  or  at  least 
visit  the  land  constantly,  and  though  there  is  no  difficulty  in 
the  preservation  of  their  bones  when  once  embedded,  circum- 
stances have  seldom  been  favourable  for  their  deposit. 

The  footsteps  of  birds  are  peculiar,  and  are  more  readily 
distinguishable  than  those  of  most  animals.  Birds  tread  only 
on  the  toes ;  these  are  jointed  to  a  single  bone  at  right  angles 
to  it,  and  the  toes  diverge  more  from  each  other,  and  are  less 
connected  with  each  other  than  in  other  animals.     With  few 
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exceptaujis,  only  three  of  a  bird's  toes  are  directed  forwards^ 
the  fourth  being  shorter,  and  directed  backwards,  taking  less* 
ehare  of  the  weight.  Guided  by  these  analogies.  Dr.  Green,, 
an  American  naturalist,  announced  so  long  ago  as  in  1835  that 
existence  of  a  bird  that  had  lived  during  the  new  red  sand-- 
stone  period,  and  whose  dimensions,  judging  from  the  size  of 
the  impressions,  were  at  least  four  times  as  large  as  thpae  of 
the  ostrich.  The  footprints  are  twenty  inches  long,  and  tha 
average  stride  between  them  more  than  three  feet.  The  marks 
of  the  gigantic  feet  that  trod  this  sandstone  whUe  it  was  yet  sofb 
mud  are  singularly  well  preserved,  showing  even  the  mark- 
ings on  the  cushions  on  the  under  side  of  the  foot.  Th& 
animals  seem  to  have  been  gregarious,  many  parallel  ro'wa 
being  sometimes  seen  a  few  feet  apart. 

In  tertiary  rocks  a  few  other  birds'  bones  have  been  found, 
and  their  footprints   have  been  suspected   in  carboniferoiia- 
rocks.     These  latter  are  still  disputed.     The  former  mark  a 
gradual  approximation  to  existing  conditions. 

Very  remarkable  in  every  respect  are  the  gigantic  bird's 
bones  discovered  some  years  ago  in  New  Zealand,  and  sine© 
described  under  the  name  Dinomis.  Such  birds  might, 
no  doubt,  have  made  footprints  like  those  found  in  the  new 
red  sandstone,  but  they  belong  to  deposits  so  modem  that 
there  is  a  shrewd  suspicion  of  some  individuals,  at  least, 
having  remained  in  the  islands  till  they  were  peopled  by  man. 
New  Zealand  is  not  more  remarkable  for  the  absence  of  large 
quadrupeds  than  for  the  presence  of  the  living  Aptey-yx  and  the 
extinct  Dinomis  and  its  allied  genera.  The  former  is  small, 
but  powerful,  and  very  peculiar  in  its  habits  as  well  as  its 
structure.  It  is  tmly  wingless,  having  barely  the  rudimentary 
wing  bones,  and  nothing  that  can  in  any  way  act  as  fore  extre- 
mities. The  Dinomis  has  already  yielded  nine  species  from 
the  specimens  exhumed,  and  of  these  one  is  believed  to  have; 
been  contemporaneous  with  the  present  races  of  animals  and 
■with  man,  even  if  living  individuals  are  not  still  concealed  oa 
the  island. 

In  Madagascar  there  have  also  been  found  the  shells  of  suchj 
eggs  as  those  gigantic  birds  may  have  laid,  the  contents  of  one 
egg  of  average  size  being  six  times  that  of  an  ostrich's,  and  a 
hundred  and  forty-eight  times  that  of  a  hen's  egg. 

In  the  neighbouring  island,  of  Mauritius  the  dodo  and  tho- 
Bolitaire  are  examples  of  animals  that  have  died  out  certainly 
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within  the  last  two  centuries.  They  are,  however,  not  onlj 
extinct,  but  forgotten,  so  that  \vere  it  not  for  the  bones  anA 
the  painted  representation  of  the  bird,  it  might  be  thought 
that  they  were  animals  of  mnch  more  ancient  date.  All  these  ex- 
tinct birds  of  New  Zealand  and  the  islands  of  the  Indian  Oce&n 
were  remarkable  for  the  absence  of  wings  available  for  flight. 

The  complete  skeleton  of  the  dodo  has  been  found  and  its 
:  affinities  are  now  determined  beyond  a  doubt.    Though  a 
'ktrge  bird,  it  had  important  relations  with  the  pigeon  tribe, 
and  was,  no  doubt,  good  for  food. 

As  the  remains  of  birds  are  exceedingly  rare  in  any  bat  the 
>  newest  deposits,  and  might  have  seemed  to  show  that  tlos 
important  class  was  newly  introduced,  if  it  had  not  been  for 
the  solitary  group  of  footprints  in  the  red  sandstones  <rf  Con- 
necticut, so  the  yet  more  highly  organised  mammals — 'the 
highest  group  in  the  scale  of  beings — are  known  only  in  a 
fossil  state  in  the  secondary  rocks  by  a  few  minute  and  im- 
perfect fragments,  not  to  compare  in  completeness  with  the 
envelope  of  the  animalcule,  the  carapace  of  the  crab,  the  shell 
of  the  mollusc,  or  the  bony  plates  coated  with  enamel  <rf  some 
of  the  fi^es. 

The  earliest  indication  hitherto  obtained  of  the  existence  of 
•quadrupeds  is  from  fossil  teeth  in  the  new  red  sandstone  or 
triassic  formations — among  the  oldest  rocks  of  the  secondary 
period,  and  the  same  as  those  in  which  the  footmarks  of 
.:gigantic  birds  were  discovered.  The  animal  was  a  very  small 
insect-feeding  quadruped,  possibly  marsupial,  and  approaching 
one  of  the  smaller  Australian  genera  in  its  dentition.  Other 
not  very  dissimilar  remains,  consisting  of  jaws  and  teeth,  have 
been  found  in  the  rocks  of  the  lower  oolite  worked  at  Stones- 
field,  near  Oxford,  and  they  also  seem  to  indicate  an  animal 
whose  teeth  could  conveniently  crush  the  wing-cases  of  beetles 
and  the  hard  integuments  of  other  insects.  Some  of  the  animals 
whose  remains  are  preserved  were  marsupial,  and  some  not; 
bat  all  seem  to  have  been  of  small  size.  One  of  them  was 
omnivorous,  and  hoofed.  Others  were  carnivorous,  and  others 
again  herbivorous. 

With  the  excepticm  of  a  bone,  probably  from  an  oolitic  bed, 
referred  to  a  cetacean  as  large  as  a  grampus,  the  above  is  the 
whole  list  of  fossil  quadrupeds  from  rocks  below  the  tertiaries, 
the  larger  n  umber  of  these  more  highly  organised  animals  belong- 
ing to  the  period  commencing  after  the  deposit  of  the  chalk. 
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Whether  the  chalk  and  the  other  roeks  of  that  period  in  our 
iatitude  were  deep  sea  deposits  is  by  no  means  clear.  Proba- 
bly there  was  no  absolute  uniformity,  but  some  parts  were  ac- 
cumulated in  deeper,  and  some  in  shallower  water.  But  this 
cretaceous  sea  certainly  covered  an  immense  portion  of  what 
is  now  land,  not  only  m  Europe,  but  in  large  parts  of  Asia, 
Africa,  and  even "  America.  The  distribution  of  land  and 
water  after  the  completion  of  the  secondary  deposits,  and  at  the 
commencement  of  what  we  call  the  tertaaiy  period,  must  hare 
been  in  all  respects  different ;  and  it  is  only  in  the  rocks  of 
:the  latter  that  we  find  the  mammalia  fully  represented. 

One  of  the  earliest  forms  of  modem  quadrupedal  life  yet 
known  was  a  large  and  remarkable  animal,  at  least  double  die 
■size  of  Ae  American  tapir,  determined  originally  by  Professor 
Owen  from  a  single  tooth  and  a  small  fr^ment  of  jaw  dredged 
up  off  the  Essex  coast.  Other  teeth  and  bones  were  afterwards 
£nmd,  confirming  the  view  originally  taken  of  this  animal, 
which  differs  from  the  later  tapiroid  animals,  although,  like 
them,  it  was  herbivorous  and  hoofed.  Another  and  somewhat 
peculiar  hoofed  quadruped  was  afterwards  detected  from  the 
older  tertiaries  of  tiie  London  clay,  and  these  two  seem  to  have 
preceded,  in  order  of  time,  the  well-known  and  often-described 
genera,  the  Palmoiherium  and  Anoploiherium  of  Guvier,  the 
former  representing  a  group  of  hornless  rhinoceroses;  the 
latter  approaching  the  antelopes  and  deers  in  some  of  its 
species. 

Since  the  original  account  given  by  Guvier  of  the  fossils 
from  which  these  interesting  and  curious  pachyderms  were 
made  out,  a  lai^e  number  of  new  genera  have  been  added, 
most  of  them  nearly  aUied,  and  proving  the  singular  abun- 
dance and  variety,  at  the  time  when  they  lived,  of  a  tribe  now 
^eady  limited  in  distribution. 

Without  reciting  a  long  list  of  technical  names,  which  could 
have  no  interest  for  the  general  reader,  we  may  say  that 
these  discoveries  have  resulted  in  connecting  together,  by 
marked  and  very  curious  links,  the  common  pachyderms,  of 
which  the  elephant,  rhinoceros,  and  hippopotamus,  the  hog 
and  the  horse  are  all  examples  (some  of  them  very  divergent)* 
and  not  only  have  they  shown  the  mutual  relations  of  struc- 
ture in  these,  but  they  have  enabled  the  naturalist  to  understand 
'how  they  all  pass,  by  almost  insensible  gradations,  into  the  ru- 
minants— especially  the  antelopes.     They  are  even  considwed 
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to  prove  the  artificial  character  of  the  order  Huminantia  of 
■modem  systems  of  classification,  and  to  show  the  natural 
character  of  that  wider  group  of  even-toed,  hoofed  animals 
suggested  hy  Professor  Owen  many  years  ago,  and  for  whidhi 
he  proposed  the  name  Artiodactyla.  , 

Withthe  vegetable  feeders  of  the  old  tertiary  period,  many 
of  them  small,  delicate,  and  of  beautiful  proportions,  there  co-, 
existed  carnivorous  quadrupeds  which,  to  judge  by  their  teeth, 
■were  more  fell  and  deadly  in  their  destructive  task  than  modem, 
wolves  or  tigers.  One  of  these,  about  the  size  of  a  leopard; 
and  others  of  smaller  dimensions,  seem  to  have  been  suffi-; 
ciently  abundant  during  the  early  and  middle  tertiary  period. 
There  were,  also,  then  as  before,  a  few  didelphine  animals,  in-; 
eluding  an  opossum  from  the  classic  beds  of  Montmartre.. 
Besides  these  we  have  in  the  older  tertiaries  a  very  peculiac 
edentate,  intermediate  between  the  pangolins  and  oiycterope ; 
this  latter  in  some  of  its  proportions  reminding  the  naturtdist 
of  the  gigantic  extinct  sloths  of  South  America. 

A  large  carnivorous  whale,  several  herbivorous  cetaceans, 
several  extinct  dolphins  and  true  whales,  and  a  gigantic 
animal,  probably  a  manatee,  having  large  tusks ,  in  the  lower, 
jaw,  are  among  the  animals  whose  remains  are  also  common 
in  the  middle  tertiaries.  Of  these,  the  whales  are  known 
chiefly  by  a  group  of  fossils,  at  first  little  suspected  to  be  or- 
ganic, in  fact,  by  the  petrified  teeth  and  ear  bones  washed  out 
of  older  beds  into  the  red  crag  of  Suffolk  (a  newer  tertiary  de-, 
posit);  and  there  accumulated  in  such  large  quantities  as  to  be 
of  economic  importance.  , 

There  is  a  distinct  change  in  the  grouping  of  the  quadrupeds; 
■when  we  compare  the  older  with  the  newer  tertiaries,  and  some 
of  the  species  form  useful  links.  Thus,  in  later  times  the  ele-, 
phantoid  group  replaced  the  tapiroid,  the  mastodons  being  of 
ititermediate  character.  Nearly,  if  not  quite  as  bulky  as  the 
elephant,  but  not  quite  so  tall,  and  with  simpler  dentition, 
these  remarkable  animals,  with  long  straight  tusks,  and  tusks^ 
in  the  lower  as  well  as  upper  jaws,  were  probably  more  aquatic 
in  their  habits,  and  belonged  to  a  more  swampy  condition  of 
■the  land,  in  this  respect  resembling  the  hippopotamus. 

The  true  elephants  and  some  of  the  later  mastodons,  nume- 
rous hippopotamuses,  rhinoceroses  and  hogs,  many  lai^e  rumi- 
nants of  all  the  principal  existing  families,  bears,  porcupines 
and  other  rodents,  and  numerous  vegetable  and  animal  feedeia. 
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BODie  of  larger  size  than  they  are  now  found,  others  smaller 
but  still  different,  and  a  few  absolutely  identical,  characterise 
deposits  of  latest  date,  and  mingled  with  such  deposits  have 
lately  been  found  sculptured  flints — certain  indications  of  a 
race  of  intelligent  beings,  far  removed  from  the  lower  animals, 
and  proving,  in  fact,  the  very  early  introduction  of  man  on  the 
earth. 

But  long  before  this,  the  remarkable  group  now  represented 
by  apes,  monkeys,  and  other  four-handed  animals,  had  been 
introduced,  and  their  remains  are  found  in  the  middle  tertia- 
ries  of  the  south  of  France.  One  of  these  was  apparently  a 
tailed  monkey,  another  was  a  large  ape,  long-armed,  and  of  dif- 
ferent build  from  the  chimpanzee  and  the  great  ape  of  tropical 
Africa,  and  less  like  the  human  race  in  its  osteological  charac- 
ters. Other  monkeys  and  apes  have  been  found  ^n  somewhat 
newer  deposits,  proving  that  these  animals  once  ranged  far 
more  to  the  north  than  they  now  do.  The  last  extinct  species 
known  was  associated  with  the  beds  of  gravel  which  contain 
bones  of  rhinoceros  and  hippopotamus,  in  which  flint  weapons 
are  also  met  with. 

We  must  not  here  occupy  space  by  describing  those  very 
singular  gigantic  quadrapeds  of  the  upper  tertiaries,  whose  re- 
mains have  for  some  years  past  attracted  general  attention, 
and  have  been  the  subject  of  frequent  popular  description. 
The  megatherium  and  mylodon,  the  glyptodon,  the  sivathe- 
rium,  the  great  Irish  elk  (so  called)  the  great  hyaena  and  bear 
of  the  caves,  the  huge  kangaroo  and  wombat,  and  the  power- 
ful and  fierce  Machairodus,  all  these  existed  not  long  ago,  and 
■were  associated  in  distant  parts  of  the  world,  not  only  with 
man  but  with  numerous  quadrupeds  still  existing,  and  still  the 
common  and  abundant  animals  of  the  countries  in  which  they 
live.  The  horse  and  ass,  and  a  third  species  of  equus,  inter- 
mediate in  size,  were  probably  the  progenitors  of  those  we  em- 
ploy. The  same  may  be  said  of  the  bovine  animals.  In  other 
cases,  although  certain  large  and  obtrusive  kinds  are  destroyed, 
the  smaller  kinds  survived  and  still  remain.  In  all  these 
cases,  "  vfith  extinct  as  with  existing  mammalia,  particular 
forms  were  assigned  to  particular  provinces,  and  the  same 
forms  were  restricted  to  the  same  provinces  at  a  former  geo- 
logical period,  as  they  are  at  the  present  day,"  but  this  period 
in  regard  to  the  animals  in  question  was  a  comparatively  re- 
cent one. 

28 
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The  rein  deer  survived  to  a  very  late  period  with  the  human 
race,  h'ving  throughout  northern  Europe,  as  far  south  as  the 
Alps  and  Pyrenees,  and  has  only  gradually  receded  to  its  pre- 
sent habitat. 

Of  the  deductions  from  these  palseontological  facts,  the  first 
seems  to  be  that  there  has  always  been  a  gradual  dying  out  of 
old  species,  and  a  substitution  of  new  ones  in  their  place.  To 
the  philosophical  naturalist  it  thus  becomes  an  inquiry ;  how 
far  species  are  to  be  regarded  as  fixed  and  definite,  and  what, 
in  fact,  is  to  be  understood  by  the  term  species,  as  expressing 
a  fact  in  nature  ? 

It  is  so  diflBcult  and  unpleasant  to  unlearn  what  we  have 
been  taught  as  probably  our  first  lesson  in  natural  history,  that 
scarcely  any  one  is  willing  to  give  up  this  artificial  and  conven- 
tional term,  and  launch  at  once  into  the  investigation  that  can 
Alone  enlighten  us  on  this  subject.  Still,  we  are  bound  to  in- 
quire whether  "  species  or  forms,  recognised  by  their  distino- 
tive  characters  and  the  power  of  propagating  them,"  do  exist 
in  nature — that  is,  whether  the  limits  of  variety  under  chang- 
ing external  circumstances,  are  sufficiently  known  and  Con- 
sidered,— when  we  assert  that  characters  are  distinctive,  and 
whether  the  power  of  propagating  distinctive  characters  is 
not  combined  with  a  large  power  of  modifying  the  distinc- 
tion in  the  ofepring. 

To  this  important  question  Mr.  Darwin  some  time  ago  di- 
rected attention,  and  in  answering  it  he  is  decidedly  at  issue 
with  the  older  naturalists.  This  is  not  the  place  to  give  even 
an  outline  of  the  argument  on  either  side,  but  our  readers  may 
be  interested  in  observing  the  mode  in  which  it  affects  the 
great  palseontological  inquiry. 

Mr.  Darwin,  knowing  that  there  are  individual  differences 
in  all  organic  beings,  capable  of  being  repeated  vrith  more 
or  less  modification  in  offspring,  believes  that  the  conditions 
of  existence,  whatever  they  may  be,  determine  the  direction 
of  change,  by  being  always  more  favourable  to  some  modi- 
fications than  they  can  be  to  others.  Under  these  circum- 
stances, if  the  conditions,  whatever  they  be,  are  used  by  one 
individual  of  a  family  to  a  greater  extent  than  by  the  rest, 
that  one  will  live  and  flourish  while  the  others  vrill  starve 
or  be  killed ;  that  one  it  is  believed  will  also,  in  all  pro- 
bability, perpetuate  its  peculiarities,  whatever  they  are,  ta 
aome  of  its  offspring,  those  of  whom  vnll  be  presei^ed  who 
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retain  the  favourable  chai'acters,  while  the  rest  will  be  lost, 
and  so  on  until  a  permanent  variety  adapted  to  existing  con 
-dition  is  produced. 

But  if  the  circumstances  change,  then  some  other  cor- 
responding modification  of  the  organism  is  produced,  and  a 
new  variety  is  obtained,  and  so  on  continually.  There 
is  no  permanence  in  conditions,  and  therefore  there  is  no 
necessary  permanence  in  species ;  but  conditions,  and  also 
species,  may  remain  unaltered  for  a  long  period.  There  is 
correlation  in  a  very  important  sense,  and  every  change 
acts  upon  every  individual.  In  this  view  the  extinction 
of  species  is  merely  another  mode  of  expressing  that  the 
mutual  relations  of  inorganic  matter,  produced  by  those  phy- 
eical  changes  constantly  going  on,  produce  at  the  same  time 
corresponding  modifications  in  organic  life.  This  we  un- 
derstand to  be  the  meaning  and  bearing  of  the  law  of  natural 
selection,  and  in  this  sense  we  understand  and  accept  it. 

In  bringing  this  chapter  to  a  close,  we  may  quote  some  ad- 
ditional remarks  from  Professor  Owen's  admirable  work  on 
Palseontology.  He  observes  that  by  the  investigations  of  palae- 
ontology, we  gain  a  knowledge  of  the  fact  that  the  phenomena 
of  the  world  do  not  succeed  each  other  with  the  mechanical 
sameness  attributed  to  them  in  the  cycles  of  the  Epicurean 
philosophy,  for  we  are  able  to  demonstrate  that  the  different 
eipochs  of  the  earth  were  attended  with  corresponding  changes 
erf  organic  structure,  and  that  in  all  these  instances  of  change, 
the  organs  still  illustrating  the  unchanging  fundamental  types, 
were,  as  far  as  we  could  comprehend  their  use,  exactly  those 
best  suited  to  the  functions  of  the  being.  Hence,  we  not  only 
show  intelligence  evoking  means  adapted  to  the  end,  but  at 
successive  times  and  periods  producing  a  change  of  mechanism 
adapted  to  a  change  in  external  conditions. 


CHAPTER  XXI. 
DISTBIBITTION  OF  THE  HUMAN  ItAOB. 

AiiTHOuaH  the  history  of  the  human  race  is  properly  regarded:' 
as  a  special  subject,  uiastnuch  as  man  is  the  only  one  of  aQ 
existing  animals  capable  of  intellectual  development  and  en- 
dowed with  a  moral  sense,  still,  there  is  so  much  of  ordinary 
natural  history  connected  with  man's  presence  on  the  earth, 
that  no  outline  of  physical  geography  can  be  regarded  as  com- 
plete without  some  notice  concerning  his  introduction  on  the 
earth,  his  progress  in  time,  the  varieties  of  his  race,  and  the 
influence  of  the  race  generally  on  other  organic  existences  and 
aa  organic  nature. 

Of  the  actual  introduction  of  man,  the  period  in  the  earthV 
history  when  he  first  appeared,  the  part  of  the  world  in  which 
his  race  was  introduced,  and  the  mode  in  which  the  introduo- 
tion  was  effected,  so  little  is  really  known,  that  we  shall  not 
require  to  occupy  much  space  in  stating  the  mere  facts,  and 
those  inferences  that  seem  natural  if  not  inevitable.  Of  the 
varieties  of  race  and  the  cause  of  those  varieties  we  must  say 
more ;  but  oiu:  observations  must  be  strictly  confined  to  those- 
parts  of  the  subject  that  belong  to  the  science  of  which  we  are 
now  treating. 

Within  the  last  few  years  a  vast  amount  of  evidence  has 
been  accumulated,  all  tending  to  show  that  man  has  been  an 
inhabitant  of  the  earth  a  very  long  time; — that  the  human 
race  has  survived  many  great  changes  of  climate  in  the  north- 
em  hemisphere,  during  which  races  of  large  quadrupeds  and 
birds,  once  very  abundant,  have  died  entirely  out ; — that  he 
has  occupied  large  parts  of  the  earth,  and  left  behind  indic»> 
tions  of  partial  civilisation ; — and  that  he  has  proved  him- 
self independent  of  geological  mutations  that  have  greatly 
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changed  the  aspect  of  the  earth's  surface.     The  general  nature 
of  this  evideuce  may  be  stated  in  a  few  lines,  although  volumes 
have  been  written  in  placing  it  before  the  world. 

It  is  now  a  long  time  since  human  remains,  and  especially 
remains  of  sculptured  stone,  adapted  to  the  simplest  wants  of 
savages  and  resembling  very  closely  the  actual  tools,  imple- 
ments, and  weapons  of  some  modem  tribes,  both  Australian 
and  American,  were  found  to  exist  in  caverns  and  gravel.  la 
the  former  case,  immediately  above  and  below  the  utensils  were 
buried  bones  of  quadrupeds  of  large  size,  belonging  to  extinct 
species  of  animals,  adapted  to  a  much  more  extreme  climate 
than  the  present ;  and  in  the  latter  case,  the  sculptured  flints 
or  other  hard  stones  were  mixed  up  with  tbe  large  bones  of 
similar  animals.  In  the  caverns,  even  when  their  contents 
may  have  accumulated  by  water-drift,  the  contemporaneity  of 
the  sculptured  flints  and  the  bones  of  extinct  species  was  evi- 
dent by  the  mode  of  deposit,  since  the  complete  skeletons  of 
rhinoceros  and  teeth  of  a  long  succession  of  individuals  of  the 
same  species  of  cavern  animal  have  been  found  close  to  the 
•  flints.  With  the  flints,  also,  in  some  of  the  caverns  in  central 
Prance  have  been  seen  numerous  fragments  of  the  horn  of  a 
species  of  rein  deer,  and  on  them  rude  scratchings  of  the  animal 
itself,  and  of  another  extinct  species,  the  gi'eat  cavern  bear. 

The  animals  just  alluded  to  are  manifestly  not  such  as  be- 
long to  or  could  now  live  in  the  countries  where  their  remains 
are  found.  They  belong  rather  to  a  country  having  long  cold 
winters  and  short  summers,  where,  owing  to  local  causes,  snow 
and  ice  remained  near  at  hand  all  the  year  through.  They 
belong  to  a  period  in  the  earth's  history  when  the  glaciers 
from  the  Pyrenees  and  the  Alps  came  down  to  the  valleys 
near  the  sea  far  to  the  north  of  the  mountain  chain,  and  almost 
met  the  glaciers  from  the  Scandinavian  chain,  and  from  Scot- 
land, Cumberland,  and  Wales.  At  that  time  the  mountains 
were  more  lofty.  Since  that  time,  the  plains  and  plateaux 
have  not  only  been  brought  to  their  present  level  but  carried 
much  below  it,  and  have  risen  again.  And  all  this  change 
has  been  slow  and  steady,  not  convulsive  or  instantaneous ; — 
"enough,  by  the  change  of  climate  induced,  to  cause  the  extinc- 
tion of  many  tribes  of  animals ;  but  not  enough  to  prevent  the 
human  inhabitants  from  adapting  themselves  to  an  altered 
-  state  of  things,  and  retain  all  they  had  acquired  of  improve- 
ment.   The  reader  will  be  prepared  to  admit,  perhaps,  that 
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the  changes  thus  briefly  shadowed  out  could  not  be  the  work 
<rf  a  few  centuries,  or  even  of  thousands  of  years.  Scores  of 
thousands,  or  even  hundreds  of  thousands  of  years,  might  well 
be  occupied  in  producing  so  large  a  result. 

The  origin  of  the  human  race,  whether  it  was  derived  by 
any  method  of  development  from  another  race,  or  introduced 
by  a  special  act  of  creation,  this  is  not  the  place  to  diseusa. 
That,  from  the  first  introduction  of  life  on  the  globe  new  spe- 
cies have  from  time  to  time  replaced  others  before  existing,, 
seems  certain.  This  has  been  a  part  of  the  great  plan  of  crea- 
tion ;  and  although,  owing  no  doubt  to  the  perfection  of  the  plan, 
we  cannot  tell  where,  when,  or  how  any  species  has  come  in, 
we  see  and  know  that  great  changes  of  this  kind  have  been 
frequent.  In  all  cases  the  change  has  reference  to  a  change 
in  the  conditions  of  existence,  and  there  would  seem  a  very 
definite  system  or  law  of  nature  in  this  matter,  deducible  from 
the  following  propositions.  (1.)  Wherever  and  whenever  there 
is  a  possibility  of  life  existing,  there  it  finds  its  way.  (2.)  The- 
form  of  life  present  is  that  best  fitted  for  the  circumstances. 
(8.)  A  change  of  condition  occurring,  a  corresponding  changa- 
takes  place  in  the  forms  of  life.  Now,  as  in  ihe  operation  of 
this  law  new  species  have  continually  been  introduced  without 
apparent  break,  it  seems  reasonable  to  conclude  that  the  method 
was  the  same  when  there  was  a  place  for  man.  We  must  re- 
peat, however,  that  there  is  no  sufficient  evidence  as  to  the 
method.  The  questions  so  warmly  controverted,  as  to  the  na- 
ture of  species  and  the  law  of  natural  selection,  we  may  leave  for 
the  present,  but  all  must  and  do  admit  that  there  are  varieties 
departing  so  far  from  the  type  as  to  be  practically  and  perma- 
nently distinct ;  and  that  in  all  cases  those  of  the  individual* 
of  a  race  that  can  struggle  best  against  changing  conditions 
will  prevail  in  the  battle  of  life,  and  those  only  of  their  offspring 
that  retain  similar  peculiarities,  will  live  and  multiply. 

Neither  may  we  here  pause  to  consider  which  is  the  most 
ancient  family  of  the  human  race, — whether  the  negro  has  de- 
veloped into  the  white  man,  or  the  white  man  has  fallen  back 
into  the  condition  of  the  negro  and  the  Australian,— whether 
the  various  families  are  actually  blood  relations  by  cousinship, 
or  whether  they  have  been  developed  from  different  sources 
and  at  different  times.  These  questions  belong  to  the  science 
at  anthropology,  and  hardly  to  physical  geography,  in  the  limited' 
yitm  we  are  obliged  to  take  here. 
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The  varieties  in  the  human  race  are  many,  but  they  may 
be  reduced  practically  to  two  classes :  the  structural,  or  those 
which  affect  the  bony  skeleton ;  and  the  superficial,  or  those 
which  have  reference  to  colour  and  hair.  Of  these,  the  former 
are,  unquestionably,  very  considerable,  and  very  important. 
They  affect  chiefly  the  height,  the  form  of  the  dkull,  and  the 
form  of  the  pelvis  ;  and  in  respect  to  all  tliese,  difficulties  exist 
BOt  easily  solved.  All  are  exceedingly  persistent,  and  have 
apparently  remained  with  little  change  for  thousands  of  years. 
They  even  characterise  distinct  races,  and  continue  to  do  so  after 
migration  and  long  settlement  in  a  new  country  with  a  differ- 
ent chmate.  They  have  considerable  reference  to  intellectusd 
vigour  and  capacity,  and  they  greatly  help  in  the  determina- 
tion of  races. 

The  cranium  affords  the  best  and  most  valuable  instances 
of  structural  change  in  these  respects.  It  is  a  hollow  group 
of  bones  forming  a  kind  of  box,  peculiar  to  vertebrated  animals, 
and  forms  the  protective  investment  of  the  brain,  on  which, 
indeed,  it  is  moulded.  Being  formed  of  eight  bones,  not  at- 
tached tiU  after  the  age  of  infancy,  it  admits  of  a  considerable 
amount  of  modification  of  form.  Bepresenting  the  brain,  it 
to  a  considerable  extent  represents  the  intellect  and  even  its 
development,  and  this  is  even  capable  of  being  measured  by 
what  is  called  the  facial  angle, — the  angle  between  two  lines, 
one  drawn  from  the  passage  of  the  ear  to  the  base  of  the  nose, 
and  the  other  slanting  firom  the  forehead  to  the  most  promi- 
nent part  of  the  upper  jaw  bone.  The  average  skull  of  the 
European  gives  an  angle  of  80°,  that  of  a  Kalmuck  75°,  and 
that  of  a  Negro  only  70".  On  the  other  hand,  the  angle  in 
Greek  sculptured  heads  of  gods  or  heroes  is  even  greater  than 
the  European,  while  the  angle  in  the  gorilla  is  as  much  as  64o. 
But  this  latter  is  the  measurement  of  the  young  skull,  since, 
when  the  jaws  are  fully  developed,  the  !(ngle  does  not  amount 
to  40".  The  form  of  the  base  of  the'skull  is  also  very  impor- 
tant, and  varies  considerably  in  different  races.  The  facial 
angle  is  affected  by  this  change. 

Besides  the  facial  angle,  there  are  other  points  of  difference 
seen  in  comparing  the  skulls  of  different  races ;  for  while  some 
are  round  and  symmetrical,  with  a  broad,  smooth  forehead, 
others  are  nearly  square,  others  pyramidal,  others  narrow  and 
compressed  laterally.  All  these  varieties  involve  marked  ex- 
ternal peculiarities.     Some  varieties  are  natural,  and  others 
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purely  artificial,  but  both  are  transmitted  to  posterity ;  and 
thus  important  modifications  are  produced  artificially. 

The  conformation  of  the  pelvis  is  next  in  importance  to  that 
of  the  skull,  and  admits  of  four  varieties :  the  oval,  the  round, 
the  square,  and  the  wedge-shaped.  Of  these,  the  oval  is  seen 
in  Europeans,  the  round  in  American  Indians,  the  square  in 
Mongols,  and  the  oblong  in  Negroes.  The  Javanese  possess  a 
pelvis  of  peculiar  lightness  of  substance  and  smallness  of  size ; 
while  the  race  of  Bosjesmans,  of  South  Africa,  exhibit  in  an 
exaggerated  form  the  narrowness  and  elongation  that  charac- 
terises the  Negro,  and  approaches  the  structure  of  the  gorilla. 
The  bones  of  the  extremities  in  the  Negro  offer  remarkable 
differences  when  compared  vrith  those  of  Europeans.  The 
feet  and  the  hands  are  flat;  the  heel  bone  is  flat;  the  foot 
broad ;  the  fore  arm  long,  in  proportion  to  the  body ;  and  the 
head  is  planted  farther  backward  on  the  spinal  column. 

A  very  large  proportion  of  the  population  of  the  world  ex- 
hibit tints  of  colour,  passing  from  yellow  to  copper  colour,  of 
many  shades,  and  at  length  into  bright  black.  Some,  as  tha 
Negroes,  are  jet  black.  Eaces  thus  characterised  have  black, 
crisp,  woolly  hair,  short,  and  very  different  under  the  micro- 
scope from  the  hair  of  white  races.  There  is  a  considerable 
secretion  in  glands  near  the  skin,  which  is  the  cause  of  a  pe- 
culiar and  disagreeable  odour,  by  which  such  races  are  charao- 
terised.  But  among  these  coloured  races  there  are  many  distinct 
and  well-marked  varieties,  little  if  at  all  changed  within  some 
thousands  of  years,  and  apparently  settled  and  now  unchange- 
able. Besides  the  colour  of  the  skin  and  the  texture  of  the 
hair,  the  lips  and  nose  present  marked  characteristic  forms. 

Assuming  these  peculiarities  as  indicating  races  and  types, 
we  have  three  very  distinct  typical  groups  of  men  :  the  Cauoa- 
siAN  (very  improperly  so  called),  or  bearded  type ;  the  Mon- 
eoLTC,  or  beardless  type,  and  the  Negho,  or  woolly-haired  type. 
The  Europeans  of  France,  Germany,  and  England,  best  repre- 
sent the  first ;  the  Central  Asiatics,  from  Mongol,  the  second ; 
and  the  African,  from  the  Delta  of  the  Niger,  the  third.  All 
are  highly  characteristic,  and  each  exceedingly  different  from 
either  of  the  others.  Thus,  the  Asiatic  would  differ  fi?om  both 
European  and  African,  in  the  general  profile,  in  the  form  of 
the  eye,  and  in  the  front  view  of  the  face.  From  the  Negro, 
more  especially,  he  would  be  seen  to  differ  in  colour,  hair,  and 
the  lower  part  of  the  profile.     From  the  European  he  would 
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differ  in  the  upper  part  of  the  profile,  and  in  the  outline  of  the 
head.  On  the  whole,  his  face  would  be  broad  and  flat,  with 
prominent  cheek  bones.  The  breadth  of  the  head  would  be 
■nearly  equal  to  its  length,  the  nose  flat,  the  eyes  drawn  up- 
wards at  the  outer  angle,  the  skin  yellowish-brown,  the  hasr 
straight,  the  beard  scanty,  and  the  stature  low.  The  Negro, 
besides  his  black  complexion  and  crisp  hair,  would  exhibit 
greater  depth  of  head,  measuring  from  before  backwards,  and 
the  upper  jaw  would  project  more,  approaching  the  form  of  a 
muzzle.  The  European  would  be  distinguished  by  negatim 
qualities  rather  than  positive,  but  the  diflerence  is  as  real  as  it 
is  familiar. 

But  besides  these  chief  and  typical  varieties  there  are  others, 
often  regarded  as  essential,  but  which  (with  Dr  R.  G.  Latham)* 
we  prefer  mentioning  as  sub-typical.  Thus,  the  Malay  and 
American  are  very  distinct,  but  the  relation  with  the  ^e  is 
traceable.  Let  us  now  proceed  to  point  out  the  main  charao- 
teristics  and  transitional  varieties  of  tbe  types. 

The  MoNQOLio  type  occupies  Asia,  Polynesia,  and  America, 
and  has. seven  chief  divisions.  The  first  includes  two  groups, 
viz ,  (1)  the  Chinese,  Thibetans,  Siamese,  Kambojans,  Bui^ 
mese,  and  numerous  tribes  unplaced ;  (2)  the  people  inhabits 
ing  the  northern  part  of  China,  Siberia,  Mongolia,  Tartaiy, 
Hastem  Turkestan,  Asia  Minor,  Turkey,  Hungai-y,  Finland, 
Esthonia,  Lapland.  These  two  groups  are  essentially  distinct 
in  language, — the  language  of  the  one  being  monosyllabic, 
and  without  inflexion ;  f  that  of  the  other  not  monosyllabic, 
and  with  many  inflexions.  But  they  agree  in  their  essentially 
Mougolic  character. 

The  second  main  division  of  the  MongoUc  races,  according 
to  Dr.  Latham,  includes  the  Georgians,  and  the  inhabitants  of 
the  Caucasus.  This  is  debatable  ground,  and  we  must  not 
here  do  more  than  allude  to  it.  The  third  includes  the  tribes 
of  the  Malay  peninsula,  the  almost  countless  islands  of  the 
Indian  Archipelago,  Polynesia,  and  the  island  of  Madagascar  (?) 
in  the  first  place ;  and  the  islands  of  New  Guinea  and  others 
adjacent,  Australia  and  Tasmania,  in  the  second.     Of  tbe 

•  "  Natural  History  of  the  Varieties  of  Man,"  p..2. 

t  The  Bnglish  language  (though  not  without  inflexions)  may  be  re> 
warded  as  non-iufiexional,  as  compared  with  the  Latin,  makmg  auxiliary 
words  take  the  place  of  the  inflexion.  Thus,  in  Latin,  U-ti-gi  expresies 
in  one  word  what  we  express  in  three, — I  have  touched. 
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former,  the  complexion  is  rarely  black ;  the  hair  is  black,  bat 
seldom  woQlly,  sometimes  curling :  Malay  is  the  type.  Of  the 
latter,  the  sMn  is  harsh,  of  black  colour ;  hair  black  and  crisp,, 
curly,  frizzy,  and  woolly :  the  Malay  element  of  language  is 
concealed. 

The  fourth  division  of  the  Mongols  inhabit  the  coasts  of  the 
Arctic  Ocean,  and  the  courses  of  some  of  the  great  rivers  en- 
tering that  ocean.  The  fifth  division  includes  the  Japanese, 
the  Kamschatka  people,  and  the  Koreans.  The  Japanese  owe- 
much  to  the  Chinese ;  they  are  highly  civUised,  ingenious,  and 
intelligent.     They  are  white  when  sheltered  from  exposure. 

The  sixth  branch  of  the  Mongols  occupy  America,  and  con- 
nect with  the  new  world  by  the  Esquimaux  (Eskimo).  They 
are  subdivided  in1,o  a  multitude  of  tribes,  each  having  special 
peculiarities,  and  exhibiting  great  differences.  The  Indiana 
of  the  United  States  and  Canada,  those  of  California,  those  of 
the  Mexican  Gulf,  those  of  the  north  coast  of  South  America, 
those  of  the  eastern  side  of  the  Andes  and  Brazil,  those  of  the- 
western  side  of  the  Andes  and  the  Patagonians,  are  the  chief. 
With  the  exception  of  the  Peruvian  and  Mexican  native  tribes, 
who  had  attained  a  high  degree  of  civilisation  before  the  dis- 
covery of  America  by  the  Spaniards,  and  who  exhibit  certain 
distinctive  peculiarities  in  structure,  habits,  and  language, 
there  would  seem  little  doubt  that  all  are  of  one  origin.  Tha- 
Esquimaux,  the  connecting  link,  are  also,  it  may  be,  excep 
tional.  The  general  characteristic  of  the  American  native 
tribes  is  their  redness,  or  copper  colour.  There  are  three- 
groups  :  those  of  Northern  America  (Iroquois,  Pawnees,  Sioux, 
Gherokees,  Natchez,  and  tnany  others) ;  the  Caribs,  of  Central 
America ;  and  the  various  tribes  of  IBrazil,  the  Pampas,  the 
western  Andes  and  Patagonia,  of  South  America. 

There  is  a  last  (seventh)  branch  of  Mongols  recognised,  but 
they  are  small  and  complicated  by  their  close  association  with 
the  most  highly  organised  and  most  intelligent  of  the  so-called 
Caucasian  races.  Their  actual  relation  with  these  is  not  cer- 
tain. 

The  Negko  type  includes  a  number  of  groups,  all  inhabitant»- 
of  Africa,  but  occupying  different  districts,  having  peculiarities 
of  climate  which,  perhaps,  account  in  a  great  measure  for  the 
physical  peculiarities  of  the  races.  The  typical  negroes  are 
not  met  with  everywhere  in  Africa.  They  are  confined  to  the- 
low  lands,  the  sea  coasts,  the  deltas  and  courses  of  the  greafe 
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livers,— *ill  within  the  tropics.  There  ai'e  three  divisions, 
centra!,  eastern  and  western.  In  them,  all  the  peculiarities 
of  race  are  exaggerated.  The  blackness  of  complexion,  thick- 
ness of  lips,  depression  of  the  nose,  and  woolliness  of  the  hair, 
is  extreme,  and  the  intellect,  except  for  imitative  purposes,  is 
at  the  lowest.  Next  to  them  are  the  Kaifres,  whose  skin  is 
less  black,  but  who  pass  from  the  true  negroes  by  insensible 
gradations.  They  have  peculiarities  of  language.  The  third 
group  are  the  Hottentots  of  South  Africa,  with  tufted  hair  and 
very  low  intelligence,  but  of  pale  colour  and  remarkable  pelvic 
distinctions.  Next  are  the  Negroes  of  the  upper  and  middle 
Nile,  reaching  from  several  degrees  south  of  the  equator  into 
Abyssinia;  amongst  them  are  the  singular  and  encroaching 
tribe  of  the  Gallas,  and  also  the  Nubians.  The  fifth  group  are 
the  native  tribes  inhabiting  the  Mediterranean  shores  (Berbers, 
&c.)  and  the  Sahara,  extending  into  the  islands  off  the  west 
coast  of  AMca.  There  is  also  a  sixth  small  group,  including, 
the  Copts  and  native  tribes  of  tlie  lower  Nile,  and  the  delta  <rf' 
the  Nile.  These  are  of  light  colour,  intelligence,  and  cultiva- 
tion. They  have,  however,  a  negro  caste  of  countenance.  They 
are  the  old  Egyptians  (of  the  time  of  Pharaoh). 

According  to  Dr.  R.  G.  Latham,  the  whole  of  the  Semitic 
nations  of  ancient  and  modem  times  must  be  included  as  be- 
longing to  the  same  natural  group.  These  axe  Syrians,  As- 
syrians, Babylonians,  Phoenicians,  Arabs,  Ethiopians,  Hebrews, 
and  otherinhabitantsof  Palestine.  They  are  light-complexioned, 
with  prominent  noses.  They  are  intelligent,  influential,  self- 
developed,  and  have  played  a  very  important  part  in  the  history 
of  civilisation.  To  these  races  we  owe  alphabetic  writing,  our 
methods  of  calculation,  and  a  vast  amount  of  colonization. 
Their  influence  on  the  western  nations  has  been  enormous ; 
but  there  has  been  little  absolute  mixtui'e  of  race,  in  spite  of 
all  the  influences  of  time  and  asseveration. 

The  last  division  of  the  human  family  we  have  to  consider 
includes  the  races  which  at  one  time  were  called  Caucasian, 
and  which  were  supposed  to  include  many  people,  certainly 
widely  separated  by  their  history.  In  the  first  place,  the  in- 
habitants of  the  Caucasus  and  the  adjacent  countries  are  Mon- 
gollc,  as  we  have  already  stated.  The  Jews  and  Arabs  are, 
apparently,  closely  related  to  the  highest  development  Of  the 
Negro  type  rather  than  to  any  other ;  and  although  eminently 
aggressive,  there  are  but  few  varieties  to  be  described  of  the- 
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original  tribes,  to  ■whom  western  civilisation  is  due.  The  Celts 
are  perhaps  the  most  ancient,  and  have  given  place  to  others. 
They  are  now  limited  to  the  western  extremity  of  England  and 
France,  but  formerly  occupied  Europe.  The  Indo-Germanie 
races,  including  the  European  and  some  oriental  peoples,  com- 
,plete  the  list.  The  European  group  of  Indo-Germanic  divi- 
sion includes  (I)  the  Gothic,  (2)  the  Slavonic,  and  (3)  the 
Mediterranean  coast  races.  Of  these,  again,  there  are  sub- 
divisions. The  Gothic  includes  the  Germans,  both  north  and 
south,  the  Saxons,  the  Frieslanders,  and  the  Dutch :  the  Scan- 
dinavians of  Denmark,  Sweden  and  Norway,  are  closely  aUied. 
The  Slavonic  nations  include  the  Russians  aud  Poles,  the  Ser- 
vians, and  the  lUyrians.  The  Mediterranean  group  includes 
the  Greeks  and  Italians  originally, — the  Spanish,  French  and 
Wallachians,  of  the  present  time.  There  is  a  doubtful  and 
undetermined  class  of  Indo-Germans,  of  whom  the  Persians 
and  the  inhabitants  of  Kurdistan,  Afghanistan  and  Beloochis- 
tan,  are  examples,  connected  with  the  European  races  by  a 
similarity  of  grammar  in  the  languages,  and  in  the  apparent 
influence  of  Sanskrit  on  modern  European  tongues. 

Besides  these,  there  are  a  number  of  cases  of  simple  mixture, 
and  some  of  true  hybridism,  or  extreme  iater-mixture.  Of  the 
former,  the  English  is  a  remarkable  example,  being  a  combina- 
tion of  Celtic,  Boman,  Danish  and  Norman,  on  a  Saxon  founda- 
tion,— all  being  of  the  same  great  family.  In  other  cases,  as 
where  the  mixed  race  consists  of  Spaniards,  and  Central  or 
Southern  American  races,  there  is  hybridism.  Where  there 
is  a  complete  admixture  of  blood,  as  between  Negro  and  Mon- 
gol, or  Negro  and  Europeaji,  or  Mongol  and  European,  there 
is  little  probability  of  a  permanent  race  being  produced. 

Of  the  actual  mixture  of  races  there  are  innumerable  ex- 
amples, so  far  as  individuals  are  concerned ;  but  of  the  pro- 
duction of  a  permanent  mixed  race  there  exists  hardly  any 
evidence.  So  far  as  Negro  blood  is  concerned,  it  would  seem 
quite  certain,  that  unless  the  admixture  of  white  and  black  is 
euch  as  to  bring  back  the  offspring,  by  degi'ees,  to  the  white 
variety,  whatever  that  may  be,  there  is  no  chance  of  a  fruitful 
union.  It  is  the  same  with  the  native  Indian  tribes  of  North 
America,  where  no  approach  to  a  mixed  race  has  resulted,  and 
\vhere*the  result  of  long-continued  occupation  of  the  coast  and 
river  banks  by  the  white  races  (chiefly  Anglo  Saxon  and  Ger- 
man), promises  to  be  the  extirpation  of  the  red  man.     It  was. 
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however,  estimated  some  yeaxs  ago  by  M.  Rugendas  ("Voyage 
dans  le  Brazil :"  Paris',  1835),  that  out  of  a  total  population  of 
upwards  of  tiiirty  millions  in  various  parts  of  South  America, 
■where  settlements  had  been  made,  lie  proportion  of  mixed 
was  about  fifteen  per  cent.  In  those  countries,  the  whites  of 
aU  kinds  (many,  perhaps,  not  without  a  taint  of  colour)  were 
estimated  at  forty  per  cent.,  the  native  Indians  twenty-seven 
per  cent.,  and  the  negroes  of  all  varieties  eighteen  per  cent. 

Among  the  instances  of  new  tribes,  formed  by  the  mixture 
of  two  well-marked  races,  the  Griqua  Hottentots  are  mentioned 
as  derived  from  the  Dutch  colonists  and  the  Hottentots ;  the 
Cafusos,  from  the  native  Brazilian  tribes  with  the  negroes  of 
western  Africa ;  and  the  Papuans,  from  the  negroes  of  Africa^ 
with  the  Malays  Of  these,  the  Griquas  are  a  powerful  and 
marauding  race,  living  on  the  borders  of  the  colony,  on  the 
Orange  Eiver,  and  they  form  large  communities  of  thriving 
agriculturists. 

The  Cafusos  are  a  slender  and  muscular  people,  of  dark 
copper  and  copper-bro"wn  colour,  having  an  oval  countenance, 
with  high  cheek  bones,  but  not  so  broad  as  the  Indians ;  broad 
and  flattened  nose,  neither  turned  up  nor  much  bent ;  broad 
mouth,  with  thick  but  equal  lips,  but  little,  projecting  black 
eyes;  intermediate  in  position,  between  that  of  the  Indians 
and  the  Negroes ;  and  excessively  long  hair,  half  curled  at  the 
end,  and  rising  almost  perpendicularly  from  the  forehead  to 
the  height  of  a  foot  or  eighteen  inches. 

The  mixture  of  Malay  and  Negro  (Papuans)  is  curious.  The 
men  have  large  bushy  clumps  of  half- woolly  black  hair  on  the 
top  of  the  head,  resembling  a  mop.  The  skin  is  deep  brown, 
the  nose  broad,  and  the  lips  thick ;  but  the  shape  of  the  skull 
is  that  of  the  Malays. 

On  the  other  hand,  there  are  many  cases  of  constant  asso- 
ciation of  races  for  many  centuries,  without  the  production  of 
any  definite  mixture,  and  apparently  without  any  serious  modi- 
fication. It  is  certain,  for  example,  that  the  Jews,  the  Copts, 
and  the  Negroes  were  as  distinct  in  every  physical  peculiarity,, 
at  the  time  of  the  expulsion  of  the  Israelites  under  Pharaoh, 
as  they  are  now.  AU,  now,  remain  unaltered ;  but  the  Assy- 
rians, who  became  a  ruUng  people  long  afterwards,  the  Phoe- 
nicians, and  the  Etruscans,  some  of  whom  certainly,  if  not  all, 
"were  well  marked  in  physical  characteristics,  are  now  extinct. 

The  history  of  man  is  exceedingly  difficult  to  trace  back  to 
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a  date  much  beyond  that  of  which  we  possess  writuii  rei'ui-ds; 
but  it  is  certain  that  these  are  altogether  moderu,  and  that 
they  afifect  but  a  very  small  proportion  of  the  populadon  of  the 
globe.  Judging  from  existing  races,  it  is  not  unlikely  that 
some  have  tdways  been  stationsuy,  and  others  aggressive  and 
roaming.  The  inhabitants  of  the  tropics  do  not  seem  generally 
to  advance  rapidly,  or  colonise  extensively;  and  the  north 
"temperate  zone  has  perhaps  always  provided  the  largest  num- 
bers and  the  most  influential  of  colonisers  and  emigrants.  But 
lihe  progressive  race  has  not  alwaj's  been  the  most  civiUsed; 
and  perhaps  many  times  in  the  world's  history  the  wave  of 
civilisation  and  intellectual  progress  has  been  swept  back,  by 
the  material  progress  of  less  civilised  peoples,  more  warUke, 
more  energetic,  and  determined  to  make  room  for  themselves 
in  the  direction  of  their  advance.  Thus,  the  arts  and  sciences 
appear  to  have  been  re-introduced  and  many  useful  innovations 
re-invented.  This  happened  most  recently  by  the  advance  of 
the  Goths  upon  the  Latin  races,  and  the  breaking  up  of  the 
Eoman  Empire.  It  had  happened  previously,  when  the  civi- 
lisation of  Greece  was  checked  by  that  of  Rome.  But  there 
were  similar  chapters  in  human  history  at  a  long  antecedent 
period.  Very  long  before  any  records  of  which  we  have  know- 
ledge there  were  dwellers  on  lakes  in  Ireland,  in  Switzerland, 
and  other  parts  of  Europe,  whose  intelligence  was  so  far  deve- 
loped as  to  enable  them  to  construct  safe  places  of  resort, — on 
piles  in  shallow  water, — to  build  boats,  to  make  bread,  to  pro- 
vide utensils  of  vsirious  kinds,  and  even  to  make  cloth.  Re- 
mains of  all  these,  preserved  by  charring,  have  been  found  in 
the  lakes.  Remains  of  the  people  themselves  are  not  wanting. 
They  must  have  had  a  language.  They  must  have  lived  near 
other  tribes,  as  ingenious  and  cultivated  as  themselves,  for  there 
would  have  been  no  need  otherwise  of  such  careful  defences. 
But  of  these  peoples,  of  their  habits,  their  language,  of  their 
very  existence,  all  literature  is  silent.  There  were  also  other 
people  who  could  move  vast  blocks  of  stone,  so  large  that  the 
resources  of  modem  science  would  be  severely  taxed  to  displace 
them  without  injury.  Of  these,  again,  we  can  say  no  more,  than 
they  lived  and  have  disappeared.  There  were  before  them  others, 
who  lived  in  caverns,  but  who  could  amuse  themselves  by  draw- 
ing on  the  horns  of  the  animals  they  slaughtered  for  food,  good 
outlines  of  these  animals,  and  of  others,  living  then  in  abundance, 
butloug  since  altogether  extinguished  from  the  face  of  the  earth. 
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They  could  construct  available  weapons  also  from  flints,  and 
■possessed  a  certain  amount  of  civilisation,  probably  not  inferior 
to  that  of  tlie  Esquimaux  at  the  present  day.  Races  have  suc- 
ceeded races  in  western  Europe,  each  attaining  some  cultiva- 
tion, and  then  apparently  driven  back  towai'ds  the  mountain 
and  island  fastnesses  by  hordes  of  savages,  less  intelligent  but 
more  powerful  than  themselves.  Cultivation  and  civilisation 
at  first  developing  strength,  becomes  at  last  a  source  of  weak- 
ness ;  and  physical  energy  is  found  to  be  more  powerful  than 
mere  intellect,  whenever  cultivation  and  intelligence  has  led  to 
luxury.  Thus,  the  earliest  chapters  of  man's  history  are  alto- 
gether and  hopelessly  lost ;  and  we  can  only  use  actual  dates 
and  figures,  when  we  see  traces  of  a  civilisation  which  has  not 
yet  died  out,  or  which  is  still  growing.  There  still  exist  in 
comers  of  large  countries,  among  mountains,  or  in  some  way 
removed  from  influence,  races  that  seem  to  belong  to  ancient 
and  almost  extinct  families  of  men.  Such  are  the  Basques  of 
the  western  Pyrenees,  and  perhaps  other  cases  may  hereafter 
be  discovered.  Such,  compared  with  the  Teutonic  races  that 
have  advanced  upon  them,  are  the  Celts  and  Gaels  of  Ireland, 
Scotland,  Wales,  Cornwall,  and  Brittany. 

The  human  tribes  inhabiting  different  countries  will  be  seen, 
by  the  preceding  statements,  to  have  approximately  definite 
limits,  which  in  most  cases  they  have  kept  with  much  persis- 
tency ;  but  while  most  of  them  are  thus  fixed,  some  few  are 
wanderers,  and  these,  settling  in  distant  countries,  may  some- 
times drive  out  the  original  inhabitants.  In  this  respect,  there 
is  a  certain  correspondence  with  the  inferior  animals,  who  are 
for  the  most  part  confined  to  certain  areas,  but  of  which  also 
there  are  examples  (chiefly  those  races  attaching  themselves 
to  man,  and  capable  of  domestication),  which  occasionally  push 
forwards  into  new  countries,  to  the  exclusion  of  indigenous 
races.  It  is  evident,  therefore,  that  this  habit  is  the  result  of 
a  law,  and  applies  to  all  time  as  well  as  to  different  species. 
It  is  possible,  that  a  due  consideration  of  the  existence  of  such 
a  law  may  assist  in  explaining  some  of  the  difficulties  that 
arise  in  considering  the  distribution  of  the  human  family. 

It  is  certainly  the  case  now,  and  it  is  not  likely  that  it  can 
ever  have  been  otherwise,  that  the  civilised  and  cultivated  in- 
habitants of  the  earth  occupy  a  far  less  space,  and  are  far  less 
numerous,  than  the  savage  tribes.     The  whole  of  Africa,  ei- 
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cept  a  small  part  of  Egypt,  a  very  large  proportion  of  Asi% 
nearly  half  of  the  two  Americas,  a  large  part  of  Australia,  and' 
most  of  the  islands  of  Australasia,  are  inhabited  by  human 
beings  who  perform  only  the  animal  functions  of  their  race, — 
•who  have  no  cultivation,  no  literature,  no  religion,  beyond  the 
most  debasing  paganism,  and  no  desire  to  emerge  from  this 
state  of  barbarism.  If  we  assume  that  this  number  includes 
half  the  population  of  the  globe,  we  shall  probably  be  far  be- 
yond the  mark ;  and  if  we  enquire  into  the  probable  origin  of 
the  remaining  half,  we  shall  find  that  it  is  in  a  large  degree 
due  to  modifications  of  Mongolic  races.  Of  these,  the  Cliinese 
and  Japanese  are  the  most  numerous,  the  most  cultivated, 
and  perhaps  the  most  characteristic.  The  civilisation  of  these 
nations  is,  however,  eminently  stationary.  It  appears  to  have 
advanced  nearly  to  its  present  point  many  centuries  ago,  and 
there  to  have  remained.  The  population  seems,  in  both  coun- 
tries, to  have  advanced  nearly  as  far  as  the  climate  and  nature 
of  the  country  permits,  and  possibly  when  this  limit  was  reached 
p-ogress  in  other  matters  stopped  also.  Colonisation  has  al- 
ways been  opposed  by  the  Governments,  and  has  been  appa- 
rently contrary  to  the  genius  of  the  people. 

On  the  other  hand,  the  prevailing  races  that  do  not  belong 
to  MongoUo  tribes  would  seem  to  be  as  remarkable  for  their 
tendency  to  migrate  as  are  the  Chinese  for  their  objection  to 
diange.  Already  have  the  mixed  European  races  peopled  that 
part  of  the  continent  which  they  inhabit  very  thickly,  but  they 
have  almost  displaced  the  native  populations  of  America  and' 
Australia,  and  will  apparently  occupy  entirely  those  vast  areas 
before  another  century  is  past.  But  they  do  not  tend  to  ex- 
tend backwards  into  the  strongholds  of  Mongolism ; — they  do 
not  displace  the  Slavonic  races  ;  nor  do  they,  while  governing 
an  important  part  of  Asia,  alter  in  any  way  the  nature  of  the 
population.  Thus,  there  are  certain  natural  diflSculties  that 
are  not  overcome ;  and  the  great  human  families  appear  likely 
to  remain  in  the  future  as  distinctly  grouped  as  they  have  been 
in  the  past. 

Whatever,  therefore,  may  ultimately  be  determined  with  re- 
gard to  the  nature  of  species,  and  the  derivation  of  the  human 
family  from  one  or  many  specific  centres,  no  one  will  doubt 
the  existence  of  strongly-marked  permanent  difierences  among 
men,  as  among  the  lower  animals  and  plants.     Each  influences 
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the  Other,  each  belongs  to  the  otliev,  hut  each  has  its  own  sepa- 
rate method  of  existence  ;  and  in  the  human  race  this  extends 
to  moral  as  well  as  intellectual  nnrure,  and  even  to  the  different 
modes  of  viewing  the  great  fundamental  princijjles  of  right  and 
wrong.  Within  limits  which  seem  to  he  defined,  those  animals 
capable  of  domestication  are  to  the  same  extent  capable  of 
adapting  themselves  to  different  climates,  by  modifications  of 
structure  and  change  of  organs  and  integuments.  Certain 
plants,  as  the  Cerealia,  are  in  like  manner  adaptable,  and 
range,  by  slight  varieties,  over  a  very  large  proportion  of  the 
cultivable  surface  of  the  land.  There  is  nothing  known  of  the 
native  country  of  these  useful  food-plants ;  but  the  com  found 
half  burnt  and  preserved  in  the  lake  habitations  appears  to  be- 
precisely  similar  to  that  now  cultivated ;  while  grains  from 
mummy  cases  in  Egypt,  certainly  buried  for  several  thousand 
years,  have  been  planted  and  borne  fruit,  that  could  hardly  be 
distinguished  from  the  Egyptian  corn  of  last  year.  Even  the 
maize,  so  abundantly  cultivated  in  America,  does  not  appear 
to  exist  in  an  uncultivated  state ;  and  its  history  has  never 
been  traced.  On  the  other  hand,  where,  from  any  cause,  there 
has  been  a  change  of  climate,  there  is  also  a  change  of  culti- 
vation. Thus,  the  removal  of  forests  in  southern  Europe  has- 
rendered  the  cultivation  of  clover  impossible  in  Greece  and 
Italy ;  and  beans,  once  a  common  pulse  in  Egypt,  cannot  now 
be  cultivated  there. 

It  may  be  well,  here,  to  communicate  some  useful  general 
statistics  with  regard  to  the  human  race.  Estimating  the 
whole  human  population  of  the  globe  at  800  millions,  about 
one  half  inhabit  Asia  and  its  adjacent  islands,  and  350  mfllions 
Europe  and  its  islands.  Africa  and  America  do  not  at  present 
exceed  60  millions  each,  and  Australasia  and  the  Pacific  islands 
complete  the  number.  The  number  of  square  miles  of  land 
being  estimated  at  52  millions,  we  have  about  15^  persons  to 
a  square  mile.  In  China,  however,  it  is  believed  that  there 
are  100  persons,  and  in  England  and  Wales  300  persons  to 
the  square  mile.  It  is  evident,  that  these  figures  can  only  be 
regarded  as  estimates  approximating  the  true  result 

The  number  of  males  bom  in  all  civilised  countries  is  greater 
than  that  of  females  ;  but  the  number  of  grown  males  living  at 
any  time  is  considerably  smaller  than  that  of  the  females.  In 
England,  the  great  mortality  among  the  males  takes  place 
during  the  first  year.     The  actual  value  of  human  life  differs 
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much  in  different  countries  and  at  different  times.  The  mean 
duration  of  life  may,  perhaps,  he  fairly  taken  at  from  thirty- 
eight  to  forty-two  years.  A  very  large  proportion  of  thoso 
who  attain  full  age  live  to  eighty  years,  and  even  ninety  can- 
not he  considered  as  extreme  age.  Beyond  that,  life  is  eveiy- 
"where  exceptional,  if  continued ;  and  the  cases  of  centenarians 
Are  few,  and  many  of  those  reported  are  doubtful. 


CHAPTER  XXII. 

USTECTS  OF  BmUJS  A&ENOT  ON  INANIMATB!  NATOBB. 

Man  has  at  all  times  and  in  all  conditions  of  civilisation  exer- 
cised an  influence  on  nature  far  beyond  that  produced  by  any 
either  race.  Partly  by  direct  means  in  his  search  after  food, 
tut  chiefly,  no  doubt,  indirectly  and  accidentally,  as  by  the 
burning  of  prairies*  and  forests,  and  the  removal  of  tribes  of 
animals  which  in  his  absence  would  overrun  the  country,  even 
savage  tribes  manage  to  make  and  leave  a  mark  that  cannot 
afterwards  be  effaced.  But  if  this  was  the  case  in  the  early 
ages  of  the  world  and  in  all  countries,  and  still  continues  in 
those  wide  tracts  inhabited  by  men  unacquainted  with  the 
luxuries  of  civilisation,  it  is  enormously  greater  where  civUiaed 
races  have  long  dwelt,  and  much  more  so  in  the  temperate 
than  in  the  torrid  or  Arctic  regions.  It  must  not  be  supposed 
that  this  influence  was  always  intended  to  be  favourable,  or 
that  the  result  was  foreseen.  There  can  be  no  doubt  that  it 
has  in  some  cases  been  altogether  unexpected,  and  ha§  even 
produced  a  great  and  permanent  deterioration  of  climate,  while 
in  others  it  is  possible  that  the  climate  may  have  been  improved, 
large  tracts  being  rendered  habitable  and  healthy  that  were 
before  useless.  It  is  certain  that  the  result  might  often  have 
been  foreseen  where  it  was  not ;  and  the  work  has  been  done, 

•  So  effectual  is  fire,  that  on  one  oeeasion,  in  the  United  States,  at 
Mrramiclii,  nearly  six  thousand  square  miles  of  woodland  were  destroyed, 
and  the  heat  consumed  and  burnt  to  a  cinder  the  very  soil  itself.  As 
Bn  illustration,  however,  that  accidents  of  this  kind,  when  not  due  to 
man,  leave  little  permanent  mark,  we  may  mention  that  in  a  quarter  of 
a  century  the  ground  was  again  covered  with  trees  of  fair  dimensions, 
except  where  cxdtivation  and  pasturage  prevented  their  growth. — Marsh, 
"Man  and  Nature,"  p.  2a 
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whether  for  good  or  evil,  long  before  the  consequences  were 
imagined. 

There  is  not  a  doubt  that  the  land  in  the  temperate  zones- 
of  the  earth,  as  well  as  in  the  tropical  regions,  was  originally 
covered  with  a  dense  forest  wherever  the  conditions  were  &- 
vourable  for  vegetation ;  and  in  many  places,  as  on  the  sides 
of  almost  inaccessible  mountains,  and  on  rocks  now  naked, 
where  it  would  be  least  expected  that  forests  could  grow.  This 
is  proved  by  extensive  vegetable  remains — trunks,  branches, 
roots,  fruits,  and  even  leaves  of  trees,  frequently  found  in 
boggy  tracts,  on  mountains,  in  plains  and  valleys,  near  the 
mouths  of  rivers,  and  in  lakes.  Such  historic^  accounts  as 
can  be  referred  to  prove  that  this  was  the  case  throughout 
northern  and  eastern  Rurope  and  north  ,A&ica,  and  also  in 
North  and  South  America. 

It  is  impossible  to  'travel  through  the  countries  on  the  north- 
ern shores  of  the  'eastern  Mediterranean  without  recognising 
&is  fact.  Where  now  there  are  absolutely  naked  limestone  rooks, 
only  covered  with  a  scanty  coatu^  of  herbs  during  the  spring,, 
we  know  there  were  once  forests  of  large  extent.  In  the  island 
of  Cephalonia  parts  of  these  forests  remain.  Where  the  forest 
exists  there  is  a  soil,  but  where  it  has  been  removed  the  soil 
has  gone  too.  The  rock  soon  becomes  perfectly  bare  when  its^ 
vegetahle  coating  is  removed. 

The  great  persistency  and  energy  with  Which  vegetable  life 
forces  itself  in  wherever  there  is  opportunity,  and  the  mode  iu' 
which  the  smaller  tribes  of  plants  pave  the  way  for  the  laigex, 
until  such  forest  trees  rise  as  the  circumstances  will  allow,  is  a 
fact  too  well  known  to  render  it  doubtful  that  in  all  cases  there 
will  eiist  trees,  wherever  trees  can  be  induced  or  are  allowed  to 
grow.  Certain  animals,  such  as  goats  and  deer,  are  especially 
injurious  to  .young  trees,  and  when  introduced  into  a  country 
in  which  they  are  not  indigenous  they  soon  check  and  destroy 
forest  growth.  Thus,  in  Cephalonia,  to  which  we  have  just 
referred  as  an  instance  of  a  forest  partly  removed,  we  find  that 
the  presence  of  a  few  goats,  which  do  no  great  harm  to  existing 
grown  trees,  entirely  prevents  the  continuation  of  forest  growth 
by  destroying  theyoung  trees.  Throughput  the  Ionian  Islands 
and  Grreece,  'fwests  once  covered  the  land.  The  forests  have 
\>een  destroyed,  and  the  destruction  dates  from  the  encourage- 
ment of  the  goat  at  the  expense  of  the  pig.  The  destruction 
of  wolves  by  human  means  must  also  tend  to  the  increaee  of 
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tlie  browsing  animals  and  the  destruction  of  the  forests.  In 
this  way,  incidentally,  the  extirpation  of  certain  tribes  of  ani- 
mals affects  the  vegetable  covering  of  the  earth.  It  is  exceed- 
ingly difficult  to  measure  the  extent  of  climatic  change  produced 
as  the  ultimate  result  of  these  forces ;  but  that  there  is  a  very 
great  effect,  no  one  &iniliar  with  the  facts  of  the  case  will  at- 
tempt to  deny. 

In  order  to  estimate  the  direct  effect  of  human  agency  in 
civilised  countries  it  is  necessary  to  resort  to  figures.  These 
will  at  any  rate  serve  as  the  foundation  for  an  estimate,  how- 
ever madequate.  Thus,  it  is  calculated  that  in  the  year  1860 
there  were  160  millions  of  acres  of  land  (350, nOO  square  miles) 
•  under  cultivation  in  North  America,  producing  not  less  than 
60  millions  of  tons  of  various  kind  of  food,  artificially  grown 
for  the  use  of  man,  and  of  those  domesticated  animals  depen- 
dant on  him.  This  vast  quantity  was  grown  by  a  population 
of  30  millions  of  human  beings,  introduced  since  the  discovery 
(jf  America.  The  whole  of  it  may  be  regarded-  as  the  result 
of  the  introduction  of  civilised  man,  for  a  native  popula- 
tion had  doubtless  been  in  existence  since  tbe  time  when  the 
mastodon  ranged  over  the  prairies  without  in  any  degree  affect- 
ing the  balance  of  nature.  It  is  not  difficult  to  see  that  the 
■  diversion  of  so  much  land  from  a  native  state  to  cultivation, 
must  have  produced  many  important  changes. 

Man  exerts  influence  in  various  ways.  He  destroys  birds 
hecause  they  eat  fruit.  But  these  birds  also  feed  upon  the 
insects ;  and  a  worse  evil  is  sometimes  produced  by  the  in- 
crease of  insects  than  is  corrected  by  the  destruction  of  the 
birds.  He  destroys  the  wild  animals  and  inuroduces  tamed 
and  domesticated  kinds.  But  some  of  these  are  occasionally 
multiplied  into  nuisances.  He  extirpates  worms,  which  might 
do  him  the  greatest  benefit  if  left  alive.  His  influence,  when 
conscious,  is  often  in  a  wrong  direction ;  and  when  miconscious 
may  turn  either  favourably  or  unfavourably  for  his  interests, 
according  to  circumstances  over  which  he  has  no  control. 
Even  in  the  case  of  food  recognised  as  valuable,  such  as  the 
salmon  and  the  oyster,  he  will  often,  with  the  most  senseless 
and  stupid  carelessness,  destroy  the  race  for  the  sake  of  a 
few  years  supply. 

As  wooded  lands  are  by  no  means  adapted  to  human  require- 
ments, seldom  furnishing  either  vegetable  food  by  theip  fruits. 
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or  aDimal  food  by  the  fowls  and  beasts  naturally  resident  in. 
and  about  them,  it  is  certain  that  the  first  result  of  any  per- 
manent settlement  of  men  in  a  country  must  involve  the  de- 
struction of  woods.  Even  for  fuel  they  would  need  to  cut 
down  a  part ;  but  for  cultivation,  they  require  to  remove  a 
large  proportion  of  the  forest  growth  of  a  newly-settled  dis- 
trict. Fire  is  generally  used  to  remove  the  surplus  timber,, 
as  the  result  of  burning  is  highly  favourable  to  the  produc- 
tion of  a  valuable  soil  for  the  growth  of  food  crops.  Forests- 
have  generally  yielded  very  soon  to  the  repeated  attacks  made 
on  them  as  people  multiplied  and  wants  increased. 

It  has  been  supposed  that  trees  exercise  an  electric  influence 
on  the  atmosphere ;  and  as  the  phenomena  of  vegetable  life- 
are  numerous,  energetic,  and  complicated,  it  is  not  unlikely 
that  this  is  the  case.  It  seems  to  be  a  universal  opinion  that 
hail  has  become  more  common  and  severe  with  the  removal  of 
wood  on  the  flanks  of  the  Alps,  and  in  other  places  where 
forests  have  been  destroyed  within  a  short  time.  However 
this  may  be,  the  quantity  of  carbon  absorbed,  and  the  chemical 
change  induced  by  the  surface  of  leaves  exposed  in  a  forest, 
cannot  fail  to  afiect  the  atmosphere ;  and  the  removal  of  the 
forest  alters  the  equilibrium  obtained  during  successive  cen- 
turies. A  forest  withdraws  from  the  air,  by  its  enormous  alv 
sorbent  surface,  much  more  carbonic  acid  than  meadows  or 
cultivated  fields,  and  exhales  much  more  oxygen. 

Whether  regarded  as  mere  inorganic  matter  or  as  a  copious- 
reservoir  of  life ;  whether  as  an  absorbent,  a  radiator,  or  a- 
conductor  of  heat,  or  even  as  merely  covering  the  ground,— a 
forest  has  an  influence  on  the  temperature  of  the  air  and  earth 
which  demands  careful  consideration.  If  we  represent  the 
power  of  calcareous  sand  to  retain  heat  by  100,  we  shall  find 
that  arable  calcareous  soil  may  be  represented  'by  74'3,  argil- 
laceous earth  by  68'4,  garden  earth  by  64-8,  and  humus  by  49. 
It  follows  that  if  a  sandy  soil  be  stripped  of  wood,  the  local 
temperature  will  be  raised ;  while,  if  the  soil  consist  largely 
of  humus,  the  difference  in  this  respect  will  be  small.  But 
there  will  always  be  a  difference.  It  will  be  evident  that  the 
extent  of  surface  exposed  must  in  all  cases  be  much  greater 
■when  ground  is  covered  with  vegetation  than  when  it  is  bare. 
Trees,  however,  act  in  many  ways,  not  only  as  good  conductors 
«f  heat  but  as  helping  to  prevent  radiation,  both  of  heat  and 
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moisture,  owing  to  the  large  surface  of  leaves  they  expose 
between  the  earth  and  sky. 

In  Italy,  the  clearing  of  the  Apennines  is  believed  to  have 
greatly  affected  the  climate  of  the  valley  of  the  Po,  the  result 
being  that  the  scirocco  now  prevails  greatly  on  the  right  bank 
of  that  river,  in  the  territory  of  Parma,  and  in  part  of 
Lombardy,  where  formerly  it  is  believed  to  have  been  un 
known.  The  same  is  the  case  in  Modena  and  Eeggio.  In 
these  districts,  in  places  where  straw  roofs  once  resisted  the 
winds,  tiles  are  now  hardly  sufficient.  In  others,  where  tiles 
were  used,  large  slabs  of  stone  are  ineffectual,  and  in  many 
tieighbouring  communes  the  grapes  and  grain  are  often  swept 
off  by  the  blasts  of  the  south  and  south-west  winds.  On  the 
other  hand,  it  is  recorded  that  when  the  noble  pine  forests 
near  Ravenna,  about  twenty-two  miles  long,  were  cut  down, 
the  neighbourhood  was  found  to  suffer.  The  wood  was  after- 
ward allowed  to  grow,  and  the  city  is  now  relieved  from  the 
scirocco  and  restored  to  its  old  climate.  Another  well-attested 
change  of  climate  is  recorded  in  Italy.  When  English  iron 
was  excluded  from  that  country  under  the  influence  of  Napo- 
leon I.,  the  furnaces  of  the  valleys  of  Bergamo  were  stimulated 
to  great  activity.  "  The  ordinary  production  of  charcoal  not 
sufficing  to  feed  the  furnaces  and  the  forges,  the  woods  were 
felled,  the  copses  cut  before  their  time,  and  the  whole  economy 
of  the  forest  was  deranged.  At  Piazza  Torre  there  was  such  a 
devastation  of  the  wood,  and  consequently  such  an  increased 
severity  of  climate,  that  maize  no  longer  ripened.  An  asso- 
dation,  formed  for  the  purpose,  restored  the  forest,  and  maize 
flourished  again  in  the  fields  of  Piazza  Torre."* 

Similar  results  have  been  obtained  in  Belgium.  By  planting 
trees  on  the  right  bank  of  the  Scheldt,  where  before  there  was 
no  vegetation,  an  effectual  shelter  was  soon  formed,  and  the 
rfisolt  has  been  to  render  fertile  large  tracts  of  land  formerly 
waste.  In  France,  there  seems  no  doubt  that  the  removal  of 
the  forests  on  the  Yosges  sensibly  deteriorated  the  climate  on 
the  plains  of  Alsace,  and  the  forests  of  the  Cevennes,  destroyed 
under  the  reign  of  Augustus,  are  said  to  have  kept  off  the  mis- 
tral, or  north-west  wind  from  the  large  and  rich  tracts  near  the 
mouth  of  the  Bhone.  Since  then,  the  olive  has  retreated 
many  leagues :  the  orange  is  confined  to  a  few  sheltered  points 

•  &.  Bo9a,  in  «I1  Folitecnico,"  December,  1864,  p.  614^ 
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on  the  coast,  and  fruit  trees  can  hardly  be  reared  in  places 
where  they  were  formerly  easy  of  growth  and  very  prolific. 

Forests  also  check  the  movements  of  winds,  and  thus,  in  a 
sensible  degree,  diminish  cold.  In  Canada,  and  the  northern 
states  of  America,  the  engineers  and  firemen  of  locomotives 
employed  on  railways  running  through  extensive  forests,  find 
it  much  easier  to  keep  up  steam  while  the  train  is  passing 
through  the  woods.  As  soou  as  the  train  emerges  firom  this 
■shelter,  it  is  necessary  to  supply  fuel  liberally,  to  bring  up  the 
heat. 

It  is  very  difficult  to  decide  absolutely  as  to  whether  climate, 
in  any  part  of  the  world,  has  really  and  permanently  changed ; 
but  certainly  the  general  testimony  of  experience  and  all  his- 
torical accounts  to  which  we  can  refer,  point  to  this  as  a  con- 
clusion. Generally,  throughout  the  north  temperate  zone,  the 
summers  seem  to  be  cooler,  moister,  and  shorter ;  the  winters 
nulder,  drier,  and  longer  than  they  were  when  forests  covered 
the  greater  part  of  the  land.  The  rivers,  also,  and  streams 
have  become  more  irregular ;  passing  into  torrents  in  summer, 
and  drying  up  in  winter. 

With  regard  to  the  influence  of  forests  on  rain,  it  has  been 
very  distinctly  shown  in  tropical  countries,  and  cannot  be 
doubted  in  the  temperate  climates  of  the  northern  hemisphere. 
In  wooded  and  undrained  countries,  the  atmosphere  is  gene- 
rally humid,  and  rain  and  dew  fertilise  the  soil,  and  the  result 
is  similar  in  its  nature  to  that  produced  by  the  vicinity  of  a 
great  ocean.  The  absence  of  wood  is  a  great  cause  o^  the 
aridity  of  Spain.  In  France,  many  districts  have  suffered  by 
clearing.  Since  the  extensive  clearings  between  the  Spree 
and  the  Oder,  the  inhabitants  complain  that  the  clover  crop 
is  much  less  productive  than  before.  On  the  other  hand,  esr-, 
amples  of  the  beneficial  influence  of  planting  and  restoring 
woods  are  not  wanting.  In  Scoliland,  where  many  mites 
square  have  been  planted,  the  effect  has  already  been  manifest, 
and  in  southern  France  similar  observations  have  been  tnada. 
In  Lower  Egypt,  both  at  Cairo  and  Alexandria,  rain  formerly 
fell  very  seldom  in  considerable  quantity.  Thus,  during  th^ 
French  occupation  of  Egypt,  about  1798,  it  did  not  rain  for 
sixteen  months.  Since,  however,  Mehemed  Ali  and  Ibrahim 
Pacha  completed  their  vast  plantations,  (the  former,  alone, 
having  planted  more  than  20  mUHons  of  oliVe  and  fig-trees, 
ootton-wood,  oranges,  acaxsias,  planes,  &c.),  there  now  falls  a 
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good  deal  of  rain,  especially  along  the  coast,  in  the  months  of 
November,  December  and  January,  and  even  at  Cairo  it  rains 
both  more  frequently  and  more  abundantly — showers  being  no 
rarity.*  Eabinet,  in  his  "  Etudes  et  Lectures  sur  les  Soienajs 
d'Observation,"  testifies  to  the  same  fact  in  Egypt.  Others 
have  disputed  the  fact,  but  it  seems  that  the  general  impression 
is  that  such  is  the  result,  although,  no  doubt,  accurate  obser- 
vations, continued  over  a  long  term  of  years,  would  be  required 
to  determine  the  particulars  satisfactorily. 

Forests  affect  the  supply  of  water  to  springs,  for  they  protect 
the  fallen  rain  from  evaporation,  and  give  it  time  to  sink  far 
into  the  interior.  Many  cases  are  recorded  in  America,  upon 
the  best  authority,  of  streams  flowing  from  woods,  diminish- 
ing both  in  number  and  volume  as  the  woods  were  removed. 
Mr.  Marsh  states,  "I  remember  one  case  where  a  small 
mountain  spring,  which  disappeared  soon  after  the  clearing  of 
the  ground  where  it  rose,  was  recovered  about  ten  or  twelve 
years  ago,  by  simply  allowing  the  bushes  and  young  trees  to 
grow  up  on  a  rocky  knoll,  not  more  than  half  an  acre  in  extent, 
immediately  above  it.  It  has  since  continued  to  flow  uninte*- 
ruptedly."  Abundant  and  striking  evidence  as  to  this  question 
is  given  by  numerous  observers.  Thus,  Valles*  and  Boussing- 
aultf  have  quoted  a  number  of  cases ;  the  latter  writer  pointing 
out,  more  especially,  that  even  if  the  common  opinion  that  the 
felling  of  woods  diminishes  the  rain-faU  is  not  true,  there  is  at 
least  a  marked  difference  in  the  mode  of  its  action  on  the 
earth's  surface.  He  mentions,  as  resting  on  the  best  authority, 
the  case  of  the  valley  of  Aragua,  in  Venezuela,  (South  America). 
The  valley  is  shut  in,  and  several  rivers  entering  it  form  a  lakie 
about  the  size  of  the  lake  of  Neuchatel,  at  an  elevation  of 
1 ,460  above  the  sea.     The  facts  are  curious  and  interesting. 

At  the  time  of  Humboldt's  visit  to  this  valley,  in  the  year 
1800,  there  was  a  population  as  dense  as  in  any  of  the  best 
peopled  parts  of  France,  who  had  cleared  the  surrounding 
country  of  wood,  and  for  thirty  years  the  lake  had  been 
gradually  lowering.  Thus,  in  1555,  the  town  of  New  Valencia 
was  formed  on  its  banks,  half  a  league  from  the  lake ;  and  at 
the  time  alluded  to  (1800),  the  distance  had  become  about 
three  mUes  and  a  third,  the  waters  having  receded  nearly  two 

•  "  Asljorusen,"  as  quoted  by  Marsh,  p.  189. 
t  "Etudes  BUT  les  Inondatione,"  p.  472. 
t  "Economie  Burale."  Chap,  zx.,  sect.  4. 
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miles.  The  inter  i-euing  ground  was  covered  with  plantations, 
and  many  hillocks  ou  tliis  part  retained  the  names  of  the 
islands  of  which  they  had  previously  formed  part.  There  was,, 
however,  no  outlet  reaching  the  ocean.  Twenty-two  years  after 
Humboldt's  visit,  M.  Boussingault  visited  the  valley,  and  found 
that  the  waters  were  gaining  on  the  land.  Islands,  once  cul- 
tivated, had  become  mere  shoals.  Cultivated  grounds  wer& 
submerged,  and  the  inhabitants  were  dreading  that  they  should 
be  drowned.  The  political  events  that  had  intervened  had 
caused  an  interruption  of  labour,  and  the  forests  had  regained 
their  strength.  "  At  the  time  of  the  growing  prosperity  of  the 
Valley  of  Aragua,"  says  M.  Boussingault,  "  the  principal 
affluents  of  the  lake  were  diverted  to  serve  for  irrigation,  and 
the  rivers  were  dry  for  more  than  six  months  of  the  year.  At 
the  period  of  my  visit,  their  waters,  no  longer  employed, 
flowed  freely."  The  same  author  refers  to  several  other  very 
marked  examples  of  the  rapid  lowering  of  the  waters  of  lakes, 
where  adjacent  forests  had  been  cleared  away. 

The  inevitable  result  of  the  clearing  away  of  forests  over  a 
large  tract  of  country  must  be,  that  during  one  season  the 
earth  parts  more  rapidly  than  before  with  its  heat,  by  radiation ; 
at  another,  it  receives  an  undue  supply  from  direct  exposure  to 
the  sun.  The  soil  is  alternately  parched  in  summer  and 
chilled  in  winter.  The  precipitation  of  rain  becomes  less 
regular.  The  surface  becomes  more  and  more  exhausted  of 
the  elements  of  a  good  soil.  The  uplands  become  rapidly  re- 
moved by  degradation :  the  lowlands  are  injured  by  torrents 
covering  the  soil  with  rocky  fragments ;  the  channels  of  the 
rivers  are  choked,  and  their  mouths  interrupted  by  bars.  A 
few  exceptions  to  this,  and  the  fact  that  in  certain  districts  the 
climate  does  not  seem  to  have  been  seriously  deteriorated 
within  the  historic  period,  do  not  prevent  the  general  conclu- 
sion here  given  from  being  correct 

It  is  certain  that  man,  by  removing  forests  in  all  those 
countries  in  which  he  is  largely  and  successfully  established, 
has  done  much  to  modify  the  climate,  not  only  of  his  own  but 
often  of  distant  lands.  And  the  result  is  not  confined  to  what 
is  seen,  for  the  consequences  extend  far  on  into  distant  time, 
and  produce  modifications  of  which  no  one  can  trace  the  end. 
In  the  Alps,  where  the  clearing  has  been  pertinaciously  carried 
«n  for  centuries,  the  effects  are  very  serious,  not  only  the  hu- 
Aan  population  rapidly  diminishing,  but  the  whole  face  of  the 
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lower  country  being  altered.  In  the  Apennines,  as  we  have 
seen,  the  case  is  the  same.  With  regard  to  South  America^ 
the  proof  has  just  been  laid  before  the  reader.  In  Spain,  it 
is  certain  that  the  climate  is  more  excessive  than  formerly. 
There  is  no  doubt  that  in  every  country  where  forests  have  beeff 
cleared,  a  similar  result  might  in  some  degree  be  traced. 

To  understand  the  full  amount  of  operations,  such  as  have 
been  narrated,  it  is  necessary  that  the  reader  should  bear  in 
mind  the  transporting  power  of  running  water.  This  ha,s 
been  already  considered,  and  instances  of  it  have  frequently 
been  recorded.  It  is  impossible  to  urge  too  strongly  the  int- 
portonce  of  a  due  attention  to  figures  in  the  determining  the- 
value  of  a  force ;  and  it  is  certain  that  the  more  accurately 
the  facts  are  ascertained  the  more  rapid,  e£Scacious,  and  in- 
evitable, will  the  existing  causes  of  change  on  the  earth  be- 
found,  and  the  more  clear  will  it  be  that  in  removing  forests 
on  a  large  scale  man  has  done  more  to  modify  the  earth  than 
can  be  at  aU  estimated,  either  now  or  at  any  future  time. 

The  actual  quantity  of  woodland  required  to  secure  for  a 
country  or  a  continent  the  best  climate,  cannot  be  determined 
without  much  careful  consideration.  In  France,  in  1750,  the 
quantity  of  surface  covered  with  woods  was  calculated  at  more 
than  40  millions  of  English  acres.  In  1860  this  quantity 
was  reduced  to  20  millions.  The  total  area  of  France  is- 
about  130  millions  of  acres.  It  is  believed  that  if  the  distii- 
bution  were  well  arranged  the  larger  of  these  two  areas  would 
not  be  in  excess,  under  the  climatal  conditions  of  France  and' 
the  nature  of  its  surface  and  soil.  In  other  countries  a  dif- 
ferent proportion  of  the  area  would  be  needed,  and  in  the: 
British  Islands  the  vicinity  of  the  sea  and  the  nature  of  the 
prevalent  winds  render  almost  unnecessary  those  protecting- 
influences  which  in  the  interior  of  a  continent  are  so  neces- 
sary. 

But  it  is  not  only  by  the  removal  of  forests  that  human 
i^ency  is  felt  in  nature.  It  is,  no  doubt,  a  result  of  the 
advance  of  civilisation,  that  man  should,  in  his  need  of  soil,  of 
timber,  and  of  fuel,  destroy  in  few  years  the  growth  of  cen- 
turies, convert  by  this  means  a  district  abounding  with  life, 
both  vegetable  and  animal,  into  a  sterile  tract  of  naked  rock, 
and  injure  permanently  the  plains  at  a  distance  of  scores  or 
even  hundreds  of  miles.  But  he  no  sooner  occupies  a  pro- 
minent place  among  the  inhabitants  of  a  district  than  he  finds 
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it  necessary  or  convenient  to  act  yet  more  directly  in  the  way 
of  coercing  nature  to  lend  herself  to  his  schemes.  By  in- 
creasing the  erosive  action  of  running  streams  and  the  con- 
veying power  of  water — the  results  of  the  clearing  of  mountain 
fiidea — he  has  often  caused  the  exterision  of  a  coast  line  to- 
wards the  sea,  the  filling  up  or  the  draining  off  of  lakes,  and 
the  shifting  of  the  beds  of  streams.  He  has  also  occasionally, 
by  artificial  embankments,  limited  and  diverted  the  course  of 
rivers,  rescuing  parts  of  the  land  near  the  sea  from  tidal  ovei>- 
■flow,  and  thus  produced  tracts  of  ai-able  land,  where  before 
there  was  only  a  salt  marsh.  No  doubt  the  quantity  of  soil 
thus  gained  in  a  term  of  years  is  small  compared  with  the 
whole  existing  land,  but  it  ia  not  therefore  unimportant.  In 
this  case,  as  in  the  case  of  forests,  a  very  small  positive  and 
permanent  alteration  of  any  kind  may,  and  even  must,  in- 
volve further  change.  One  thing  leads  easily  to  another,  and 
after  years  have  elapsed,  the  result  of  insignificant  changes 
may  amount  to  a  total  worthy  of  notice  among  the  larger  phe- ' 
nomena  of  nature. 

The  draining  of  fens,  and  other  low  tracts  of  land  near  the 
mouths  of  rivers,  or  on  a  coast  line,  is  one  of  the  works  by 
which  man  largely  influences  nature.  In  England  the  Lin- 
colnshire and  Cambridgeshire  fens  included  nearly  half  a 
million  of  acres  of  marsh,  pool,  and  tide- washed  flat,  all  of 
which  is  now  converted  into  arable  land  and  pasturage.  This 
work  is  identical  in  character  with  the  reclamation  of  the  fens 
on  the  opposite  shores  of  the  German  Ocean,  commenced  pro- 
bably more  than  a  thousand  years  ago.  They  are  certainly 
as  old  as  this,  even  if  the  Romans  did  not,  as  has  sometimes 
been  supposed,  construct  sea  dykes  on  the  shores  of  lincohir 
shire  6r  Holland. 

The  total  gain  of  land  by  dyking  in  the  Low  countries  is 
estimated  by  the  recent  Dutch  author,  W.  H.  Staring,  (Voor- 
maals  en  Tham)  at  about  nine  hundred  thousand  English  acres, 
or  one-tenth  the  area  of  the  kingdom.  Most  part  of  this  is 
somewhat  above  low  water  level,  but  the  whole  is  subject  to 
inundation  in  case  of  an  accident.  Such  accidents  have  oc- 
curred from  time  to  time.  Ring  dykes  are  constructed  on  a 
gigantic  scale,  to  form  a  first  and  outer  bulwark  against  the 
sea.  These,  however,  gradually  sink  in  the  soft  mud,  and 
when  raised  by  fresh  constructions,  the  increased  weight  only 
sinks  them  lower.     It  is  said  that  in  some  places  they  have 


RESULTS    1)1-    iiUilAS    AGENCY.  481 

gradually  sunk  to  the  depth  of  from  sixty  to  a  hundred  feet 
Thus  the  expenditure  of  time  and  labour  has  been  much, 
greater  than  appearances  would  lead  one  to  suppose.  It  most 
also  be  borne  in  mind  that  there  has  been  an  enormous  loss, 
chiefly  of  poor  lands  without  much  soil,  owing  to  the  ea- 
croachments  of  the  sea,  and  the  neglect  of  certain  dykes. 
There  has  also  been  a  great  loss  by  the  removal  of  soil  onoo 
gained. 

The  sea  is  constantly  forming  new  banks  at  certain  points 
of  the  coast  favourable  for  the  deposit  of  sand  and  earth,  and 
the  stratum  of  sand  with  shells  tiius  obtained,  serves  as  the 
foundation  for  dykes.  The  institnt  such  bamks  are  above  the 
low-water  level,  reeds  grow  upon  them,  and  much  mud  is  en- 
tangled among  the  roots.  In  this  way  high-water  level  is 
reached,  and  tiben  grasses  grow,  and  the  embsuikments  are  safe.. 
These  first  embankments  are  constructed  of  sand  and  earth 
bound  together  by  fascines  and  provided  with  sluices.  The 
sluices  are  the  most  expensive  part  of  the  work,  as  they  are 
constructed  with  piles,  and  are  intended  to  be  open  at  loir 
water.  The  dykes  slope  outwards  very  gently,  but  lie  crown 
of  the  dyke  is  steeper.  The  height  and  thickness  vaiy  ae- 
cording  to  local  circumstances  of  tide  and  wind,  but  they  are 
generally  from  15  to  20  feet  above  high- water  mark.  Many 
of  the  principal  dykes  are  strengthened  by  piles  driven  deeply 
down  into  the  bed  of  the  sea.  Thus,  along  the  coast  of  Fries- 
land,  where  no  dunes  exist,  the  dykes  are  on  piles  for  a  dis- 
tance of  150  miles,  and  these  piles  are  tied  together  by  cross 
timbers  and  iron  clamps,  the  interstices  being  filled  with  stones. 
One  of  the  dykes  (the  Great  Helder)  is  about  40  feet  wide  at 
the  top,  along  which  runs  a  good  road.  It  slopes  down  200- 
feet  into  the  sea  at  an  angle  of  40°.  At  certain  distances  its^ 
mense  buttresses  run  out  several  hundred  feet  into  the  rolling 
sea.  This  gigantic  artificial  coast  is  entirely  composed  of 
Norway  granite. 

The  soil  thus  preserved,  though  originally  not  above  high 
water  level,  wiU,  if  not  sinking  or  accidentally  injured,  gra- 
dually acquire  height  by  the  effect  of  continued  vegetali^e 
growtii;  but  there  is  often  a  shrinkage  and  settling  of  the 
earth  that  more  than  counterbalances  this  gain.  In  most 
cases  it  is  necessary  to  make  use  of  wind-power,  workii^ 
pumps  which  lift  the  water  to  a  higher  level  and  into  a  channel 
by  which  it  can  be  conveyed  to  the  sea.     Steam  engines  ai» 
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now  very  largely  used  for  such  purposes.  In  tht  draiuage  of 
-the  lake  of  Haarlem,  recently  effected,  the  principal  engine 
was  of  500  horse  power,  and  drove  eleven  pumps,  making  six 
strokes  per  minute.  Each  pump  raised  eight  cubic  yards 
(1,320  gallons)  to  the  stroke,  making  altogether  120  millions 
of  gallons  per  diem.  The  lake  was  about  fifteen  miles  in 
iength  by  seven  in  greatest  width,  and  covered  an  area  of 
46,000  miles.  It  ha!d  long  been  in  a  dangerous  state,  when, 
in  December,  1836,  it  burst  its  barriers  and  overflowed  20,000 
acres  of  land  at  the  southern  extremity  of  the  lake.  The  mis- 
chief done  was  great,  and  it  was  felt  that  the  time  was  conie 
■when  the  cause  should  be  prevented.  The  work  of  enclosing 
the  lake  with  a  ling  dyke  was  commenced  in  1840,  and  lasted 
eight  years,  after  which  the  draining  occupied  five  years,  when 
the  lands  were  sold.  The  cost  of  the  operation  was  JE764,500« 
and  the  loss  to  the  State  may  be  estimated  at  about  £100,000, 
a  result  thought  favourable.  There  cannot  be  a  doubt  that 
■the  existence  or  otherwise  of  a  large  extent  of  low,  flat  land, 
near  the  mouth  of  a  great  river,  cannot  but  have  material  in- 
fluence on  the  adjacent  coast.  The  force  of  the  tidal  wave, 
the  direction  in  which  it  acts,  the  local  currents,  the  configu- 
ration of  the  coast,  the  depth  of  water  near  shore,  and  the  fonn 
of  the  bottom, — are  all  affected  by  changes  produced  on  the 
coast  by  way  of  embankment. 

Works  have  been  carried  on  from  time  to  time  with  the  view 
of  draining  lakes,  either  for  the  recovery  of  lande  till  then 
-permanently  submerged,  or  for  preventing  accidents,  by  the 
sudden  increase  of  volume  of  such  lakes.  Such  works  were 
undertaken  on  a  large  scale  by  the  Romans,  in  Italy ;  and  the 
surplus  waters  of  the  Lake  Albano,  about  fourteen  miles  from 
Rome,  whose  present  level  is  900  feet  above  the  sea,  were 
drained  in  the  fifth  century  by  a  tunnel,  cut  entirely  with  the 
chisel  through  hard  rock,  for  more  than  a  mile.  This  tunnel 
still  answers  its  purpose.  A  much  more  considerable  work 
was  the  drainage  of  the  Lake  Fucinus,  about  fifty  miles  east 
of  Rome,  exceedingly  malarious,  owing  to  its  variable  height 
and  the  accumulation  of  decaying  organic  matter  on  its  bed. 
Julius  Csesar  commenced  this  work,  and  it  was  partially  com- 
pleted by  the  Emperor  Claudius,  restored  by  Hadrian,  and 
continued  in  use  for  some  centuries.  During  the  middle  ages 
it  was  neglected,  and  has  recently  been  completed  once  more 
<aj  a  tunnel  of  three  and  a  half  miles.     The  water  will  be  pre- 
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vented  from  rising  above  its  lowest  ordinary  level,  and  it  is 
•believed  that  40,000  acres  of  very  fertile  soil  wUl  thus  be  re- 
claimed. In  Chili,  a  smaller  but  equally  successful  operation 
was  executed  in  reference  to  the  Lake  Taguataga,  and  8,000 
acres  reclaimed.  In  Switzerland,  the  Lake  of  Lungern  was 
thus  drained  not  along  ago.  The  consequences  of  these  opera- 
tions often  involve  the  breaking  down  of  the  former  banks, 
and  a  rapid  and  complete  change  of  the  features  of  the  sur- 
rounding land.  They  are  also  sometimes  injurious,  for.  by 
the  removal  of  small  mountain  lakes,  which  have  served  as  re- 
servoirs, the  water-supply  of  districts  below  may  be  seriously 
interfered  with. 

The  ordinary  draining  operations  carried  on  now  so  exten- 
sively and  systematically  for  the  improvement  of  land,  cannot 
but  seriously  affect  the  conditions  of  the  soil  for  evaporation. 
The  temperature  of  the  earth  in  such  districts  must  be  raised 
and  the  distribution  of  the  rain-fall  affected.  And  as  deeps 
under-drains  carry  off  the  water  imbibed  by  the  soil  from  pre 
cipitation,  smd  in  other  ways — much  of  which  would  naturally 
have  moistened  the  rock  to  a  great  depth,  and  ultimately 
reached  the  sources  of  springs,  coming  out,  perhaps,  at  a  great 
distance — it  cannot  be  that  such  operations,  carried  on  over 
almost  the  whole  of  a  great  country,  can  fail  to  produce  a  per- 
manent change  in  the  distribution  of  the  water,  and  thus  upon 
climate.  fA.ccompanied  by  irrigation  on  a  large  scale  the  effect 
would,  perhaps,  be  modified ;  but;  practically,  the  larger  opera- 
tions of  deep  draining  are  rarely  carried  on  where  irrigation 
is  needed. 

Irrigation,  however,  itself  requires  some  notice  as  a  human 
agent.  In  the  south  and  east  of  Europe,  ia  Asia  Minor,  and 
in  many  parts  of  Asia,  this  method  is  uniformly  and  systema- 
tically adopted  to  insure  an  increased  production.  It  is  needed 
partly  from  the  nature  of  the  summer  climate,  which  is  con- 
tinuously dry,  partly  from  the  porous  nature  of  the  soil,  either 
composed  of  gravel  or  of  porous  and  fractured  limestone. 

There  can  be  no  doubt  that  irrigation  has  been  employed  in 
the  East  from  time  immemorial.  Solomon  says,  "I  made 
me  pools  of  water,  to  water  therewith  the  wood  that  bringeth 
forth  trees."— Eccles.  ii.  6.  Reservoirs  are  still  to  be  found 
in  all  the  ancient  seats  of  human  civilisation,  and  the  fertility 
of  Palestine  may  be  said  to  have  been  dependant  on  the  keep- 
ing up  of  these  means  of  irrigation.     In  the  south-east  of 
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Spain,  where  there  is  irrigation,  there  are  abundant  crops; 
where  water  is  absent  or  not  used,  there  is  a  desert.  In  Tur- 
key, also,  the  lands  are  flooded  a  number  of  times  every  season^ 
to  ensure  a  good  crop,  and  an  area  of  nearly  6,000  square 
miles  of  Egypt  may  be  said  to  depend  on  the  same  means. 

The  result  of  this  upon  the  water  courses  is  very  important 
In  Lombardy,  ten  thousand  millions  of  gallons  of  water,  a 
quantity  equivalent  to  the  entire  volume  of  the  river  Seine  in 
its  average  state,  is  said  to  be  daily  removed  from  the  Po,  to- 
water  an  area  of  about  1,360,000  acres  of  land.  The  amount 
of  water  applied  varies  from  S7  inches  to  as  much  as  300 
inches  of  water,  and  is  spread  over  the  whole  season.  It  will 
not  surprise  the  reader  after  this  to  learn  that  in  many  parts- 
of  Spain  where,  under  tine  Moors,  irrigation  was  adopted,  and 
■where  it  is  still  largely  carried  out,  almost  the  whole  supply 
<rf  very  large  rivers  is  absorbed,  and  the  quantity  they  carry  to 
the  sea  reduced  to  a  stream  so  small  that  it  can  be  waded 
across.  In  the  geography  of  rivers,  irrigati(Hi  is  capabla  of 
producing  an  enormous  change,  and  in  other  respects  it  greatly 
affects  the  condition  of  the  surface.  In  districts  where  crops 
jffe  plentifully  irrigated,  the  salubrity  of  the  climate  is  often 
greatly  interfered  with,  owing  to  the  mixture  of  decaying- 
organic  matter  with  the  damp  air  rising  from  the  ground,  and 
the  cluuate  is  in  other  respects  altered.  In  many  parts  of 
northern  Africa  there  are  appearances  of  efiOorescentse  on  di»- 
tricts  now  completely  and  hopelessly  barren,  which  seem  to  be 
the  result  of  former  irrigation  on  a  large  scale,  and  these  must 
foe  added  to  the  results  of  this  interference  with  nature  e&cted 
by  human  agenty. 

Embankments  are  influential  agents  introduced  by  man,  and 
serve  to  regulate  (and  thus  greatly  interfere  with)  the  natural 
course  of  streams  by  preventing  iaundations,  which  often  in- 
jure, though  th^  sometimes  improve  the  districts  in  which 
they  occur.  Reservoirs  and  pools  keep  back  a  portion  of  the 
flood  waters  of  mountain  streams,  and  reserve  the  water  to  be 
afterwards  more  slowly  delivered.  Much  may  in  this  way  be 
done  to  prevent  the  great  and  terrible  evUs  of  inundations, 
and  also  to  render  available  water  that  would  othermse  run  off 
uselessly  to  the  sea.  Artificial  channels  may  conduct  the 
■waters,  naturally  flowing  in  one  direction,  into  another  stream 
or  valley  where  the  facilities  of  storage  or  of  getting  away  the 
■waters  are  greater.     Such  canals  have  often  been  resorted  tO' 
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with  more  or  less  success,  in  reference  to  this  matter.  In 
some  cases  they  have  been  effected  naturally.  Thus,  the  river 
Ardeche  at  some  distant  period  cut  a  channel  for  itself  through 
a  rock,  deserting  its  former  bed,  which  has  long  been  filled 
up,  though  it  is  still  traceable.  In  the  floods  of  1827,  how- 
ever, the  tunnel  thus  formed  was  found  insufficient,  and  the 
river  regained  its  original  course.  It  is  known  that  many 
livers  have  at  various  times  deserted  their  channels,  and  not 
nnfrequently  new  channels  have  been  provided  for  the  con- 
venience of  man,  or  for  some  special  purpose. 

The  Val  di  Cbiana,  in  Tuscany,  affords  a  valuable  instance 
of  the  result  of  human  ingenuity,  in  diverting  a  stream  from 
its  natural  course,  reclaiming  a  considerable  tract  of  land  from 
barrenness  to  fertility,  and  improving  the  salubrity  of  the  cli- 
mate of  a  large  district.  This  valley  intervenes  between  the 
upper  waters  of  the  Amo  and  the  Tiber,  and  the  waters 
formerly  flowed  into  the  Tiber.  In  the  Middle  Ages,  and 
down  to  the  eighteenth  century,  the  Val  di  Chiana  was  often 
devastated  by  the  torrents  pouring  down  from  the  Apennines, 
depositing  great  quantities  of  slime,  and  gradually  converting 
the  whole  vaUey  into  an  unhealthy  and  desolate  marsh.  The 
level  of  the  valley  was  gradually  rising,  and  a  number  of  ponds 
and  small  lakes  forming.  In  the  seventeenth  century,  after 
consulting  all  the  eminent  engineers  of  the  day,  TorriceUi 
suggested  that,  by  controlling  the  flow  of  the  torrents  entering 
the  valley,  and  causing  them  to  deposit  sediment  at  certain 
places  only,  the  level  of  the  area  might  be  raised  and  modified 
in  such  a  way  as  to  cause  the  water  to  flow  evenly  and  regu- 
larly down  a  single  channel.  For  this  purpose  the  river  Arno 
was  selected,  and  the  water  was  made  to  enter  as  far  down  as 
possible.  In  this  way  and  at  small  expense  nature  has  been 
so  regulated  by  man,  even  in  these  wilder  and  generally  un- 
governable movements,  as  to  have  secured  for  cultivation  some 
450  square  miles  of  worse  than  useless  land,  converting  it  into 
valuable  and  healthful  soil.  The  course  of  a  stream  has  been 
in  some  measure  reversed,  and  what  was  once  mischievous  and 
destructive,  has  been  rendered  safe  and  useful. 

By  various  means,  and  occasionally  to  a  very  important 
extent,  man  has  sometimes  succeeded  in  checking  the  natural 
course  of  streams,  preventing  them  from  carrying  away  thcbt 
banks  and  shifting  their  course.  Even  in  the  case  of  sands, 
which  may  be  regarded  as  dry  rivers,  and  which  in  some  coud 
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tries  serve  as  barriers  against  the  waves,  hut  in  others  are 
thetDseives  bloivn  onwards  by  prevalent  winds,  it  has  beea 
found  impossible  in  certain  cases  to  check  the  advance.  This 
is  sometimes  extremely  important,  as  blown  sands,  in  more 
than  one  instance  on  record,  have  destroyed  cultivation  and 
overwhelmed  whole  districts. 

Large  deposits  of  loose,  fine  sand  occur  in  many  parts  of 
the  world,  under  various  geological  and  geographical  condi- 
tions. In  the  great  Sahara  and  other  deserts,  as  well  as  on 
the  shores  of  the  German  Ocean,  the  Bay  of  Biscay,  and  other 
coasts,  these  phenomena  may  be  studied.  Pure  silica  sands 
are  always  barren,  and  often  very  destructive.  Originally  pro- 
duced by  the  action  of  the  sea  in  rolling  and  rubbing  stones 
smd  rooks  to  powder,  they  are  sometimes  troublesome  when  far 
removed  from  the  sea.  They  may,  however,  often  be  checked 
while  still  in  progress  of  formation  on  its  shores.  It  has  becii 
calculated  that  the  annual  increment  on  the  shores  of  Gascony 
is  not  less  than  220  cubic  feet  of  sand  to  the  running  foot  of 
coast  line.  The  total  quantity  thrown  up  in  a  year  on  this 
coast  is  estimated  at  nearly  eight  millions  of  cubic  yards,  or 
more  than  12  millions  of  tons.  All  this  is  subject  to  the 
action  of  prevalent  winds,  by  which  the  sand  is  moved,  not 
always  with  the  same  rapidity,  but  steadily,  unceasingly,  and, 
it  might  be  thought,  uncontrollably. 

This,  however,  is  not  the  case.  In  the  desert  the  palm  is 
resorted  to,  not  without  partial  success,  to  stay  the  advance  of 
the  dry  torrent.  But  something  more  is  needed-  where  the 
winds  are  strong  and  blow  from  the  sea,  and  where  the  sea 
itself  is  constantly  providing  afresh  supply  of  material;  and  it 
has  been  necessary  to  devise  many  contrivances  to  resist  the 
advance,  and  fix  the  moving  sand.  In  cases  where  this  cannot 
be  done,  the  formation  of  hills  for  the  sake  of  shelter  may  be 
efficacious.  The  presence  of  such  hills  is  sometimes  not  less 
important  than  their  removal  when  circumstances  are  different. 

So  essential  are  engineering  operations  in  this  matter,  that 
there  is  a  whole  literature  on  the  subject  in  the  Dutch  lan- 
guage, and  many  valuable  memoirs  and  books  in  German, 
Danisli  and  French.  To  know  how  to  modify,  form,  fix  ,ir 
dissipate  advancing  sand  hills,  it  is  necessary,  first  of  all,  to 
understand  clearly  their  formation  and  the  laws  that  usually 
govern  them.  Mr.  G.  P.  Marsh,  in  his  work  on  "  Man  and 
l(atu'e,"  has  thus  briefly  stated  such  laws. 
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It  is  well  known  that  "  under  certain  conditions  sand  is  ao- 
cnmulated  above  high  water  mark  on  low  sea  and  lake  shores. 
So  long  as  the  sand  is  kept  wet  by  the  spray,  or  by  capillary 
attraction,  it  is  not  disturbed  by  air  currents  ;  but  as  soon  as 
the  waves  retire  sufficiently  to  allow  it  to  dry,  it  becomes  the 
sport  of  the  wind,  and  is  driven  up  the  gently  sloping  beach 
until  it  is  arrested  by  stones,  vegetables,  or  other  obstructions, 
and  thus  an  accumulation  is  formed  which  constitutes  the 
foundation  of  a  dune.  However  slight  the  elevation  thus 
created,  it  serves  to  stop  or  retard  the  progress  of  the  sand 
grains  which  are  driven  against  its  shoreward  face,  and  to 
protect  from  the  further  influence  of  the  v^ind  the  particles 
borne  beyond  it,  or  rolled  over  its  crest,  and  fallen  down  behind 
it."  The  shore  being  imeven,  the  conditions  of  exposure  dif- 
ferent, and  the  winds  variable,  such  banks  are  curved,  broken, 
and  unequal  in  elevation,  and  thus  there  result  a  number  of 
irregularly  pyramidal  or  conical  hillocks  connected  at  the  base 
by  low  ridges  with  each  other. 

The  elevation  of  such  hills  varies  exceedingly.  In  south- 
western France  in  sheltered  places  they  attaiu  a  height  of 
800  feet,  or  more.  On  the  western  shores  of  Africa  they  are 
said  to  be  600  feet  high,  while  on  the  exposed  shores  of 
Schleswig,  Holstein,  and  Friesland,  they  range  only  from  20 
to  100  feet. 

Once  formed,  these  hiUs  should  remain  wet.  They  are  held 
together  partly  by  mere  cohesion,  partly  by  the  infiltration  of 
Jime,  clay,  and  iron,  tending  to  form  hard  concretions  here 
and  there.  The  sands  at  the  top  are  subject  to  be  occasionally 
blown  away,  and  they  then  form  a  second  inner  series  or  belt. 
Within,  a  tendency  to  stratification  is  generally  evident,  and 
they  are  especially  hable  to  exhibit  false  stratification.  There 
are  also  alternations  of  fine  and  coarser  sand,  with  occasional 
belts  of  foreign  material.  Owing  to  the  action  of  the  wind 
they  are  formed  into  little  waves,  with  "ridges  and  fun'ows  like 
those  of  water.  The  slope  of  the  two  sides  is  different.  That 
towards  the  sea  or  prevalent  wind,  is  not  more  than  5°  or  ]  O", 
while  on  the  sheltered  side  the  angle  is  nearly  30°.  Where  the 
waves  act  at  the  foot  of  such  hills,  their  seaward  face  will  be 
undermined,  and  wiU  form  a  vertical  cliff.  Inland  dunes  are 
less  regular,  the  hillocks  being  less  connected.  They  vary 
much,  also,  in  different  parts  of  the  world. 

The  origin  of  dunes  is  very  ancient,  but  it  is  doubtful 
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-whetiher  in  some  cases  their  actual  condition  has  not  been  the' 
result  of  the  clearing  of  forests  within  the  country.  It  would 
seem  that  their  natural  tendency  is  to  become  fixed,  and  in 
that  case  clothed  with  vegetation.  This  is  illustrated  by  the 
condition  of  the  sand  hills  covered  with  pine  forest  at  Arca- 
chon  and  other  places  in  the  Landes,  between  the  wine  dis- 
trict of  M  edoc  and  the  Pyrenees. 

It  is  by  taking  advantage  of  this  tendency  that  man  is 
sometimes  enabled  to  gain  the  mastery  over  nature,  and 
shelter  lands  otherwise  subject  to  destruction.  When  suchi 
lands  exist,  however,  they  must  be  regarded  as  in  a  condition 
of  unstable  equilibrium  : — they  need  careful  supervision  and 
management,  and  neglect  may  produce  great  mischief.  Thus, 
in  1825,  owing  to  the  neglect  of  the  dunes  on  the  coast  of 
Jutland,  a  breach  was  made  by  the  sea,  converting  the 
Lijm^ord  (formerly  a  lake)  into  a  sound,  and  the  northern  part 
of  Jutland  into  an  island.  All  the  fish  were  suddenly  de- 
stroyed, and  even  aquatic  plants  (Zostera  marina)  whose 
habitat  is  salt  water,  were  killed  by  the  sudden  change.  The 
neglect  of  certain  precautions  by  human  inhabitants  thus  in- 
volved a  deposit  of  animal  and  vegetable  organisms,  and  pro- 
duced a  distinct  geological  phenomenon,  and  that  without  any 
sensible  change  of  the  land  surface. 

The  mode  in  which  dunes  are  destroyed  is  either  by  \h% 
direct  action  of  the  waves  or  by  the  accidental  formation  of  a 
cavity  admitting  the  access  of  wind  to  the  interior,  by  which 
the  sands  are  first  dried  and  then  blown.  The  result  of  even 
a  slight  accident  of  this  kind  may  be  fatal  to  the  existence  of 
a  whole  line  of  dunes,  and  the  originating  cause  is  not  un- 
frequendy  the  work  of  the  rabbits  that  burrow  in  them. 

xnei-e  are  three  ways  in  which  human  industry  is  applied 
to  the  sand  hills  ;  first,  the  actual  creation  of  them  where  en 
croachmcnts  of  the  sea  are  threatened;  secondly,  the  main- 
tenance and  protection  of  them  when  once  formed,  whether 
naturally  or  artificially ;  and  thirdly,  the.  removal  of  the  inner 
rows  when  the  main  outwork  is  perfectly  secure. 

It  is  singular  to  observe  how  very  small  a  protection  will, 
under  certain  circumstances,  become  a  useful  foundation  for  a 
row  of  sand  hills.  A  high  cliff  of  itself  prevents  the  accumu- 
lation of  sand,  but  a  wall,  even  if  very  low,  will  somelimea 
serve  as  the  foundation  of  a  wide  belt  of  high  dunes.  Thus, 
in  1610,  a  sand  dyke,  three  or  more  miles  in  length,  and  of 
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no  considerable  height,  thrown  across  a  tide-washed  flat  be- 
tween the  Zuiderzee  and  the  North  Sea,  occasioned  the  forma- 
*tion  of  rows  of  dunes  a  mile  in  breadth.  A  few  years  since 
the  advance  of  the  sea  was  checked  very  effectually  in  a  similar 
way,  and  the  Island  of  Ameland  prevented  from  being  quite 
intersected  by  the  waves. 

Dunes  are  sometimes  protected  by  a  facing  of  stone,  or  by 
piles,  or  by  walls  and  buttresses  running  out  from  the  foot  of 
the  dune  to  low  water  mark.  These  methods,  especially  the 
latter,  are  sometimes  adopted  on  the  chalk  cliffs  of  England,  and 
with  much  success.  Burrowing  animals  should  be  carefully 
excluded,  as  they  are  the  cause  of  great  mischief,  admitting 
the  waves  which  soon  undermine  and  break  up  a  dune.  There 
are,  however,  certain  grasses,  creeping  plants  and  shrubs,  that 
are  admirably  adapted  by  their  habits  of  growth  to  bind  to- 
gether the  shifting  sands  into  a  solid  mass. 

As  many  as  iiS-i  species  of  sand  plants  are  known  to  bota- 
nists. Of  all  these  the  arundo  arenaria,  known  locally  by  vari- 
ous names, — marram  being  that  used  in  some  parts  of  England, 
is  by  far  the  most  important  and  valuable.  It  thrives  only  in 
loose  sands,  and  in  a  saline  atmosphere.  It  rises  only  to  a 
height  of  twenty-four  inches,  but  sends  strong  roots  and  root- 
lets to  a  distance  of  forty  feet.  Its  roots  thus  bind  together 
the  dunes,  and  the  leaves  shelter  the  surface.  When  the 
sand  ceases  to  drift  the  plant  dies,  but  its  decaying  roots 
remain  fertilising  the  soil,  while  the  decomposing  leaves  assist 
in  forming  a  layer  of  vegetable  soil.  It  is  soon  followed  by 
a  succession  of  other  plants,  gradually  advancing  until  forest 
trees  can  grow,  or  arable  soil  is  obtained.  The  protection  of 
dunes  by  planting  has  been  largely  adopted  in  France,  where 
more  than  100,000  acres  of  land,  once  shifting  sand  hills, 
have  been  completely  reclaimed,  and  are  now  covered  with 
forests,  constituting  the  main  wealth  of  the  department  in 
which  they  occur.  The  trees  adapted  to  sand  culture  are 
chiefly  pines,  which  afford  a  valuable  supply  of  resin  from  year 
to  year,  besides  the  timber. 

Very  extensive  plantations  have  been  made  on  the  shifting 
sands  in  Austria,  between  Vienna  and  the  Soramering  Pass, 
in  the  great  plains  of  northern  Germany,  and  in  some  parts 
of  Poland.  On  the  other  hand,  the  neglect  of  similar  pre- 
cautions has  destroyed  vast  tracts,  once  extremely  fertile  in 
Arabia  and  Asia  Minor.     A  direct  result  of  the  cultivation  of 
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sand  dunes  is  the  modification  of  climate,  and  the  deposit  of  a 
larger  quantity  of  moisture  in  the  vicinity. 

Besides  the  ways  in  which  man  has  already  modified  tha 
climate  and  natural  features  of  the  earth,  by  removing  or 
planting  forests,  constructing  embankments,  making  or  empty- 
ing lakes,  altering  the  course  of  streams,  checking  torrents  and 
inundations,  or  keeping  out  the  sea  by  making  or  fixing  ln>- 
passable  barriers,  as  already  alluded  to  in  this  chapter,  th  re 
are  others  yet  to  be  taken  into  account.  By  great  engineer- 
ing operations  he  has  it  in  his  power  to  cut  across  isthmuses 
and  narrow  necks  of  land,  and  bring  into  contact  two  waters 
before  separated,  perhaps  existing  at  dififerent  temperatures, 
with  different  inhabitants,  and  even  at  different  levels.  It  is 
impossible  to  exaggerate  the  importance  of  such  works.  Th& 
isthmus  of  Suez,  when  intersected,  will  bring  the  Mediter- 
ranean into  the  Red  Sea,  and  convey  the  Persian  Gulf  waters 
into  the  Mediterranean.  The  cutting  across  of  the  isthmus  of 
Darien  would,  for  the  first  tiifie  in  the  modem  history  of  tha 
world,  bring  together  the  Atlantic  and  Pacific,  and  if  a  suf- 
ficiently large  channel  were  afterwards  cut  by  the  water,  might 
modify  or  alter  the  course  of  part  of  that  great  current  of  warm^ 
water  on  \Yhich  the  climate  of  western  Europe  depends.  Either 
of  these  would  open  a  vista  of  changes  which  could  not  be  under- 
stood in  all  their  bearings  until  centuries  had  elapsed.  Much 
smaller,  easier,  and  less  costly  works  than  these  are  capable  of 
bringing  about  great  results,  and  no  one  can  say  where  the 
changes  thus  induced  can  stop.  Even  so  very  unimportant 
an  accident  as  the  falling  of  an  iron  bolt  from  a  wreck  to  the 
bottom  of  the  water,  may  leave  a  permanent  mark  on  the 
world's  history,  for  where  such  an  event  has  happened  on 
sands  the  sands  have  almost  inevitably  become  cemented  by 
the  oxide  of  iron  rapidly  formed,  and  permanent  solid  concre- 
tions, perhaps  of  considerable  size,  may  result.  The  exist- 
ence of  such  concretions  might  determine  other  more  impor- 
tant results.  Not  long  ago  a  curious  deposit  of  pebbles  and 
sand,  about  a  foot  thick,  was  observed  while  forming  the^ 
harbour  of  Elsinore.  This  deposit  was  due  to  the  street- 
sweepings  of  the  town,  which  had  been  deposited  in  some 
corner  for  many  years,  and  had  been  distributed  over  the 
harbour  by  the  waves.  A  landowner  of  Malta  having  a  house 
and  garden  over  a  marine  cavern  thought  to  utilise  the  sea 
below  by  making  a  hole  and  pumping  up  the  salt  water  for 
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evaporation.  The  result  was,  that  at  hjgh  water  the  sea 
rushed  through  the  hole  thus  made  and  threatened  to  destroy 
the  house  and  injure  the  land  adjacent.  It  would  seem  that 
it  would  only  have  been  necessary  to  cover  the  hole,  but  once 
made  it  could  not  be  stopped  up,  and  the  house  became  unin- 
habitable. Every  one  familiar  with  the  sites  of  old  cities  in 
Italy  and  Greece  must  have  noticed  the  incredible  multitude 
of  potsherds  lying  about.  They  form  an  actual  geological 
formation.  The  same  has  been  the  case  in  recent  times  with 
regard  to  the  heaps  of  ashes  and  rubbish  at  Cairo,  which  were 
so  large  that  the  removal  of  them  by  Ibrahim  Pacha  was 
looked  on  as  one  of  the  great  works  of  the  age.  So,  also, 
in  all  old  cities  the  level  of  the  ground  is  above  the  ancient 
level.  The  present  pavement  of  Rome  is  twenty  feet  above 
the  ancient  road,  and  the  present  Appian  way  is  nearly  five 
feet  above  the  former  way.  The  towns  of  England  built 
on  the  site  of  old  Roman  stations  show  the  same  rise,  owing 
to  the  gradual  accumulation  of  rubbish.  Vast  heaps  of  shells, 
accumulated  during  centuries  by  the  ancient  people  who  fed  on 
the  animals  once  within  them,  form  rows  of  hills  of  consider- 
able dimensions  in  some  parts  of  western  Europe. 

There  are  other  human  operations  that  so  far  interfere  with 
the  ordinary  operations  of  nature  as  to  be  worthy  some  notice 
before  concluding  this  chapter. 

Thus  it  has  happened  more  than  once  in  coal  mining  dis- 
tricts that  whole  seams  of  coal  have  been  fired  and  destroyed. 
A  coal  mine  in  St.  Etienne  was  fired  in  the  fourteenth  century, 
and  continued  burning  for  centuries.  The  result  of  such 
accidents  must  involve  permanent  alterations  of  several  kinds 
in  the  rocks  adjacent.  Several  instances  of  the  kind  are  re- 
corded. Beds  of  peat,  also,  have  frequently  taken  fire,  owing 
to  mismanagement  or  carelessness. 

In  mines  of  other  kinds,  where  large  excavations  have  been 
made  for  the  removal  of  metals  and  minerals,  the  result  in 
course  of  time  cannot  but  be  important,  for  way  is  thus  made 
for  the  passage  of  water  and  the  subsequent  deposit  of  other 
minerals.  It  is  impossible  to  doubt  that  in  this  manner  there 
is  a  foundation  laid  for  modifications  that  will  go  on  for  cen- 
turies or  even  thousands  of  years. 

The  e.vtensive  removal  of  coal  from  the  earth  must  also  pro- 
duce important  results.     lu  many  coal  fields  whole  strata  of 
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six,  eight  or  ten  feet  of  solid  mineral,  and  sometimes  much 
more,  are  taken  out  from  a  great  depth.  It  cannot  but  foUow 
that  the  surface  rocks  sink  down  to  the  same  extent,  hut  the 
sinking  takes  place  very  irregularly.  Where  the  rocks  are 
brittle  they  break,  where  they  are  tough  they  are  squeezed  into 
the  interstices  formed.  Down  to  the  levd  of  the  coal  removed 
the  whole  of  the  rocks  must  be  irregularly  fractured,  and  re- 
main much  more  subject  to  the  infiltration  of  water  from  the 
surface  than  they  formerly  were.  Deep  springs,  also,  that 
would  formerly  have  risen  to  or  near  the  surface,  may  now  be 
distributed  long  before  they  reach  the  surface.  And  this  work 
goes  on  over  hundreds  of  square  miles  of  country,  and  the  re- 
sult must  ultimately  influence  the  whole  of  the  coal  countries. 

It  may  seem  difficult  to  imagine  a  limit  to  the  effects  pro- 
duced, after  a  lapse  of  centuries,  by  all  these  human  influences, 
for  their  effects  are  continually  increasing  within  an  ever 
widening  circle.  But,  after  all,  they  must  be  recognised  as  a 
part  of  the  very  constitution  of  nature,  and  they  should  not  be 
regarded  as  interrupting  or  interfering  with  nature.  There  is 
ample  provision  for  all  such  irregularities,  and  aU  of  them  to- 
gether only  represent  those  small  perturbations  in  the  orbits 
of  the  earth  and  planets,  which  are  as  much  a  part  of  the  sys- 
tem as  is  the  general  harmony  and  permajience  of  the  whole. 
Every  part  of  the  great  method  of  creation  is  perfect,  every 
apparent  interruption  and  modification  of  the  system  is,  in 
fact,  only  a  part  of  the  system,  and  the  whole  is  governed,  as 
it  was  designed,  with  a  perfection  of  design  and  an  even  imi- 
formity  of  action  that  leaves  no  room  for  interruption,  interpo- 
lation, or  novelty. 

It  is  true  that  this  view  of  the  government  of  the  uni- 
verse does  not  accord  with  the  feelings  of  those  who  desire  to 
have  their  attention  directed  in  a  definite  manner  to  some  re- 
peated and  systematic  personal  intervention  of  a  Divine  Power, 
and  who  cannot  recognise  this  Power  without  being  able  to 
trace  what  is  called  the  finger  or  the  hand  of  the  Creator  in  all 
His  works.  In  a  certain  sense  no  doubt  every  contrivance  or, 
in  other  words,  every  arrangement  in  the  universe  may  be 
made  to  yield  evidence  of  this.  But  we  would  venture  to 
suggest  that  the  noblest  view  of  creation,  and  a  knowledge  of 
the  real  greatness  of  the  Creator,  can  only  be  learnt  by  ^ose 
who  seek  to  discover  the  much  higher  and  nobler  intelligence 
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that  designed  the  whole  system.  That  there  should  be  an  in- 
terfering hand  is  a  mark  of  vfeakness  in  the  original  plan.  If 
the  structure  he  perfect  interference  is  not  necessary. 

AU  true  science  has  for  its  object  not  only  the  observation 
of  facts,  but  the  investigation  of  methods  and  the  discovery  of 
laws.  These  laws  can  only  be  binding  and  unalterable  because 
they  cannot  be  changed  with  advantage — in  other  words,  be- 
cause they  are  perfect  as  being  instituted  by  One  who  is  him- 
self perfect.  The  science  of  physical  geography  requires  that 
we  should  discover  the  methods  originally  designed  to  secure 
the  existence  and  permanent  upholding  of  the  system  of  our 
earth.  It  is  true  that  we  may  never  be  able  to  do  this  tho- 
roughly, but  this,  at  any  rate,  should  be  the  object  in  view. 
There  is  a  real  history  to  be  learnt,  and  real  deductions  may 
be  drawn  from  it.  The  object  in  these  pages  has  been  to  nar- 
rate the  facts  and  so  much  of  the  history  as  can  be  regarded 
as  clearly  establislied. 
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A. 

Aab,  mer,  163 ;  falls  of,  192  ;  gla- 
cier of,  207. 
Absorption,  of  light,  its  meaning,  28; 
of  light  and  heat  bj  theatmosphere, 
238 ;  of  heat  rays,  249  ;  of  mois- 
ture by  air,  272. 
Abyssinia,  mountains,  91,  93 ;  pla- 
teau, 108  ;  valleys,  125 ;  contains 
important  sources  of  Nile  feeders, 
158  J    general  account  of,   166; 
Acalephse,  habits  of,  394. 
Acids,  14;  present  in  mineral  waters, 

218. 
Aconcagua,  volcano  of,  333. 
Actinic  force,  25. 

Activity  of  volcanoes,  relative,  326. 
Adansonia  (baohab)  an  Airican  tree, 

372. 
Adaptability  of  animals  and  plants 

to  change,  449. 
Adda  river,  182. 
Aden,  volcanoes  near,  330. 
Adige  river,  165. 
Adler  Pass  (Alps),  79. 
Advancement  of  human  races,  446. 
.^gean  iuvertebrata,  E.  Forbes  on, 

384. 
Aerolites,  7. 

Affghanistan,  inhabitants  of,  444. 
Affinity,  its  nature,  16. 
Africa,  form  of,  65 ;  coast  line,  67 
general  physical  geography,  68 
fringing  reef  on  its  east  coast,  71 


a  country  of  lofty  mountains  and 
elevated  plains,  75;  mountain  sys- 
tems, 91 ;  plateaux,  108 ;  deserts 
and  low  plaius,  116 ;  rivers,  166; 
lakes,  187  ;  waterfalls,  193  ;  con- 
tents of  mineral  springs,  2.  '  ; 
winds  passing  over,  299 ;  volca- 
noes of,  330;  reptiles,  398 ;  birds, 
401 ;  quadrupeds,  405 ;  estimated 
population  ofj  449. 
Ain  river,  164. 

Air,  diathermic  only  when  dry,  26 ; 
present   in   water,  141 ;   general 
properties  of,  233. 
Aix,  Savoy,  change  of  temperature 

of  its  mineral  waters,  226. 
Aix-la-Cbapelle,  gases  in  the  springs 
there,    219 ;    phosphates    found 
there,  221. 

Alabama,  Alleghany  mountains  com- 
mence there,  99  ;  river,  170. 

Alani,  a  pastoral  race,  123. 

Albano  lake,  183  ;  effect  of  draining, 
183,  462. 

Albatross,  habit  of,  385. 

Albemarle  Sound,  170. 

Albert-Nyanza  lake,  187. 

Aleppo,  earthquakes  of,  350. 

Aletsch  glacier,  80,  207. 

Aleutian  islands,  72, 134,  334. 

Alexandrian  lake,  189. 

Algeria,  large  deposits  &om  mineral 
waters  in,  224. 

Alleghany,  mountains  commence  in 
Alabama,  99  ;  river,  169. 
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Alpine  chain,  79  to  81. 

Alps,  the  slopes  of,  74;  recently 
elevated,  76  ;  general  account  of, 
79  ;  rivers  rising  from,  162 ; 
waterfalls  in,  192  ;  snow  line  in, 
197;  winds  affecting,  299;  earth- 
quake band  extending  to,  349. 

Alsace,  its  climate  affected  hj  the 
removal  of  the  forests  of  the 
Vosges,  455. 

Altai  mountains,  89,  173  ;  snow 
line  on,  197. 

Alteration  of  strata,  42. 

Altered  rocks,  how  produced,  9, 39. 

Altmiihl  river,  165. 

Alum,  formation  of  in  volcanic  dis- 
trictB,  324,  335. 

Aluminium,  15. 

Aluta  river,  165. 

Amazons  river,  valley  of,  125  ;  trees 
brought  by  drifted  into  mid  At- 
lantic, 155 ;  its  connection  with 
the  Orinoco,  159  ;  account  of  its 
course,  168. 

Ambric  acid  in  water,  219. 

America,  line  of  no  variation  crosses, 
31 ;  form  of  continent,  65 ;  coast 
line,  67;  general  physical  geo- 
graphy, 69 ;  a  land  of  watered 
plains,  75  ;  mountain  systems, 
93  ;  plateaux,  109  ;  low  plains, 
117;  valleys,  125;  rivers,  172; 
lakes,  189;  waterfalls,  194;  line 
of  dislocation  in  South  America 
marked  by  springs,  216 ;  sulphu- 
ric acid  springs  in  Central,  220; 
west  coast  almost  rainless,  284 ; 
seasons  of,  290 ;  extremes  of  cold 
in,  291 ;  how  far  a  change  of  di- 
rection in  the  Gulf  stream  would 
affect  its  climate,  300;  earthquake- 
statistics  of,  355 ;  reptiles,  398  ; 
birds,  401;  quadrupeds, 405  ;  na- 
tive Indian  tribes,  peculiarities  of 
structure,  440;  human  types,  441; 
estimated  population  of  449. 

Aramer-see,  183. 

Ammonia  in  water,  141  j  in  mineral 
water,  219;  in  the  atmosphere,233. 

Aounoniacal  products,  given  off  dur- 
ing volcanic  eruptions,  324. 


Ammonites,  418. 

Amoor  river,  172. 

Amorphozoa,  fossil,  412. 

Amplitude  of  waves,  147. 

Andes,  slope  of,  74,  79  ;  a  recently- 
elevated  chain,  76 ;  general  ac- 
count of,  93 ;  snow  line,  197. 

Angara  river,  185. 

Aniinal  life,  in  deep  water,  145. 

Animal  tissues,  bad  conductors  ot 
heat,  23. 

Animals,  of  plains,  122  ;    peculiar 
habits  of  ibretel  weather,  308 
alarmed  during  earthquakes,  347; 
races  of  becoming  extinct,  383 
adaptability  of  to  changes  of  ch- 
mate,  449. 

Annelids,  habit  of,  389. 

Annuals,  nature  of  365, 

Anoplotherium,  431. 

Antarctic  Ocean,  currents  in,  154; 
ice  in,  201 ;  glaciers  of,  208 ;  flo- 
ras, general  agreement  o^  376. 

Antigua,  silica  in  springs  and  fossil 
wood  of,  221. 

Antilles,  73. 

Antimony  in  water,  218. 

Antioch,  loss  of  life  in  an  earthquake 
at,  346. 

Antioquia,  knot  of,  99 

Antiquity  of  human  race,  436. 

Antirana,  99. 

Anti-solaf  points  in  the  atmosphere 
247. 

Antitaurus  chain,  86. 

Apennines,  83 ;  gypsum  and  sulphur 
on  slopes  of,  220 ;  volcanic  action 
in,  327 ;  mud  volcanoes  of,  338  ; 
effect  of  removing  forests  in,  455. 

Apoorenic  acid  in  water,  219. 

Apteryx,  its  habitat,  402  ;  its  resemr 
blance  to  Dinornis,  429. 

Aqueous  action,  what  it  does  in  the 
earth,  55. 

Aqueous  vapour  destroys  the  dia- 
thermic condition  of  the  air,  26; 
results  if  removed,  27  j  quantity 
of  in  the  atmosphere,  234;  its 
distribution  influences  refraction, 
241 ;  effect  in  atmosphere,  268. 

Arabia,  form  of,  65  j  mountains  of 
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91 ;  table  land,  106 ;  desert,  115, 
284;  Sea  of,  136;  simoom  of, 
257;  Tolcanoes  of,  330;  earth- 
quakes of,  350 ;  tropical,  its  flora, 
372. 

Arabs  belong  to  the  Negro  type,  443. 

Aracan  mountains,  91. 

Aragua  (Venezuela),  effect  of  remov- 
ing wood  in,  457. 

Aral  sea,  175, 187. 

Aralo-Caspian  plain,  114,  185. 

Ararat,  earthquakes  of,  350. 

Araucaria,  the  trees  of  this  genus 
characteristic,  373. 

Arctic,  lands,  64 ;  coast,  66 ;  high- 
lands, 109 ;  ocean,  133  ;  current, 
153;  drainageof  lands,  173;  snow 
line,  197 ;  species  of  plants,  range 
of,  368 ;  vegetation  in  northern 
Asia,  378. 

Ardeche  river,  164. 

Areas,  of  land  and  water,  59,  61;  of 
drainage,  157 ;  disturbed  in  earth- 
quakes, 345,  348 ;  of  earthquake 
action,  353. 

ArgsBus,  Mount,  87. 

Arigino  (Japan),  hot  springs,  217. 

Arkansas  river,  117,  169 ;  springs 
near,  216. 

Armenia,  mountains  of,  86  :  plateau 
of,  106 ;  lakes  of,  185 ;  birds  of, 
401 ;  the  home  of  some  cultivated 
finiits,  378. 

Ajmo  river,  164. 

Arrangement  of  land  affects  distri- 
bution of  winds,  251. 

Arsenic  in  water,  218;  in  mineral 
waters,  221. 

Arsenic  in  mineral  springs,  221. 

Arsenions  acid  in  water,  218. 

Artesian  springs,  214. 

Articulata,  fossil,  414. 

Artois,  wells  at,  214. 

Arando  arenaria,  its  value  in  fixing 
sands,  469. 

Ascension  Island,  73,  135;  volca- 
noes, 331. 

Ashes,  volcanic,  their  wide  distribu- 
tiou,  321. 

Asia  connected  with  Europe,  65 ; 
ooast  line,  66;   general  account 


of,  68 ;  a  country  of  lofty  mouD" 
tains  and  high  plains,  74  j  moun- 
tains, 86 :  plateaux,  106 ;  low 
plains  or  steppes,  113 ;  rivers, 
171;  lakes,  185;  seasons,  290; 
volcanoes,  330;  earthquake  band, 
350 ;  its  tropical  vegetation,  369 ; 
Arctic  vegetation,  378  j  reptiles, 
399 ;  birds,  401  ;  quadrupeds, 
404 ;  native  tribes  of,  441 ;  esti- 
mated  population,  449. 

Asia  Minor,  ice  marks  in,  209 ;  vol- 
canoes, 330 ;  earthquakes  in,  350. 

Asiatic  races,  how  classified,  440. 

Assam,  87. 

Assyrians  belong  to  Negro  type, 
443 ;  an  extinct  race,  445. 

Asteroids,  7. 

Astrakhan  steppes.  111. 

Atbara  river,  166. 

Athabasca,  plains  near  the,  109; 
lake,  189. 

Atlantic,  account  of  the  Ocean,  132; 
subdivisions  of  the  basin,  135 ; 
saltness  of,  139 ;  Sargasso,  sea  o^ 
154 ;  rivers  emptying  into,  161 ; 
rain- fall  on  its  shores,  282;  warm 
moist  winds  blowing  over,  299; 
volcanic  hne  across  its  bed,  345  ; 
confervse  in,  380 ;  its  mud  made 
up  of  foramimfera,  413. 

Atlas  mountains,  92, 135. 

Atmosphere,  diathermic  when  dry, 
26;  effect  of  aqueous  vapour  on, 
27  ;  general  account  of,  233  ;  its 
colour,  243  ;  essential  to  life,  245. 

Atolls,  account  of,  70. 

Aurora  borealis  and  australis,  32; 
incessant  flashes  of,  241 ;  serves 
as  a  weather  indicator,  311. 

Austen,  Capt.  Godwin,  account  of 
the  Mustakh  glacier,  207. 

Australia  coast  line,  67  ;    general 
physical  geography,  69 ;   barrier 
reef  on  the  north-west  coast,  71 
a  land  of  unwatered  plains,  75 
mountains,  100;  plateaux,  108 
plains,   120 ;    rivers,   160,   173 
lakes,  189 ;  silica  ia  water  of,  221 , 
periodical  winds,  254;   effect  of 
permanent  winds,  255;  effect  of 
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west  Trinds  on  east  coast,  299 
no  volcanoes,  331 ;  earthquake, 
band  of,  851  j  vegetation,  372 
birds,  402 ;  quadrupeds,  405 
peopled  by  a  MongoUo  race,  441 
estimated  population,  449. 

Aiivergne,  plateau  of.  111 ;  arsenic 
in  the  springs  of,  221 ;  thick  de- 
posit of  carbonate  of  lime  from 
waters  of,  224 ;  extinct  volcanoes 
of,  341. 

Avalanches,  202. 

Avari,  an  Asiatic  race  of  men,  123. 

Axis,  shifting  of  earth's,  10 ;  of  crys- 
tals, heat  transmi'.ted  through, 
23  ;  of  continents,  65. 

txum,  plateau  of.  111. 

Aaof,  Sea  of,  132. 

Azores,  73, 1 35  ;  silica  in  waters  of, 
221 ;  volcanoes  of,  330 ;  new  is- 
land, 845  ;  earthquakes  of,  353. 

Azure  colour  of  the  air  derived  &om 
moisture,  243. 


B. 

Babylonians  belong  to  the  Negro 
type,  443. 

Backing  of  the  wind,  259 ;  as  a 
weather  indicator,  311. 

Baculite,  418. 

Baffin'«,Bay,  133. 

Bagnefes  de  Luchon,  sulphur  in 
baths  at,  220 ;  influence  of  earth- 
quakes on  its  springs,  226 ;  varia- 
tion of  mineral  contents  of  its 
waters,  229. 

Baikal  lake,  185. 

Baku,  bitumen  at,  222 ;  pseudo  vol- 
canic phenomena  of,  837 :  earth- 
quakes of,  350. 

Bala  lake,  181. 

BUe,  163. 

Balkan,  a  continuation  of  the  Alps, 
79,  80,  83 ;  earthquakes  in,  349. 

Balkash,  lake,  185. 

Balloon  experiments,  247. 

Baltic,  coasts  of,  66  ;  plain,  112 ; 
Sea,  132,  136  ;  density  of  water, 
141 ;  tributary  streams,  161. 


Baltoro  glacier,  207. 

Bananas,  home  of,  867. 

Bands  of  intense  earthquake  distur- 
bance, 349 ;  of  clouds,  274. 

Baobab,  an  African  tree,  372. 

Barbadoes,  time  taken  by  a  storm 
to  travel  to  Newfoundland;  260 ; 
account  of  a  hurricane  at,  261. 

Barbary  coast,  earthquake  band  in- 
cluduig,  349. 

Bareges,  increase  of  temperature  of 
springs  at,  227. 

Baregine,  account  of,  225. 

Barken  lake,  184. 

Barometer,  height  of,  under  various 
conditions,  234 ;  pressure,  change 
of,  235  ;  falls  during  storm,  259 ; 
its  use,  309. 

Barrier  reefs,  71. 

Barytes,  in  water,  218. 

Basalt,  an  ancient  lava,  88 ;  contain- 
ing bitumen,  222. 

Basins,  oceanic,  134. 

Basques,  race  of  men  so  called,  147. 

Bath,  hot  springs  of,  217 ;  climate 
of,  298. 

Batrachian  fossils,  424. 

Bavaria,  plateau  of.  111 ;  intermit- 
tent springs  of,  227. 

Bay  of  Biscay,  its  coast,  66 ;  waves, 
147 ;  general  account  of,  163. 

Bay  of  Puudy,  high  tide  in,  149. 

Behring's  Straits,  138. 

Belemnite,  418. 

Belgium,  earthquakes  o^  355 ;  effect 
of  planting  in,  455. 

Beloochistan,  mountains  of,  87 ;  al- 
most rainless,  284;  inhabitants 
of,  444. 

Belt  of  storm,  259 ;  of  earthquake 
action,  349. 

Bernini,  narrows  of,  152. 

Ben  Cruachen,  85. 

Ben  Nevis,  85, 

Bengal,  Bay  of,  138,  186. 

Benzoic  acid  in  water,  219. 

Bergamo,  the  iron-making  there  st- 
fected  the  climate,  455. 

Berzelius  analysis  of  water,  225. 

Bex,  organic  matter  in  waters  of,  225. 

Bhootan,  Himalayas  extend  to,  87. 
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Biafo  glacier,  207. 

Eienne  lake,  182. 

Binarj'  combinations,  16. 

Birds,  flight  foretels  weather,  308  j 
belonging  to  the  sea,  385  j  distri- 
bution of,  400;  foss4429;  effects 
of  destroying,  453. 

Birmah,  90,  91. 

Biscay,  Bay  of,  its  coast,  66 ;  broten 
water,  147  ;  account  of,  163. 

Bischoff  on  Eifel  springs,  225. 

Bishopswearmouth,  rain-fall  at,  282. 

Bismuth,  its  irregular  expansion,  22. 

Bitumen,  in  the  vicinity  of  mineral 
springs,  222. 

BivalTe  fossil  shells,  416. 

Black  colour  of  negroes,  440. 

Black  hiUs,  Mexico,  95. 

Black  Sea,  83, 132 ;  density  of  water, 
140;  solid  contents  of  water,  141; 
colour,  145 ;  drainage,  into,  162 ; 
mud  volcanoes  on  shores  of,  338. 

Block  soil  of  the  steppes,  113. 

Black  Stream  of  Japan,  152. 

Blackdown  fossil  sponges,  413. 

Blackwater  river,  163. 

Blocs  perch&,  209. 

Blue  colour  of  sea  water,  144;  of 
the  sky,  243. 

Blue  grotto  at  Capri,  144. 

Blue  NUe,  166. 

Bodmin,  rain-fall  at,  283. 

BShmerwald  mountains,  85. 

Bohemia,  162;  lakes  of,  188;  tin 
oxide  in  mineral  waters  of,  225 , 
Lisbon  earthquake  aSectedsprings 
o^  357. 

Boiling  point  of  water  at  various 
elevations,  a  measure  of  altitude, 
237. 

Boiling  springs,  217,  336. 

BoUvian  Andes,  96,  98;  volcanoes 
o^  333. 

Bolsena  lake,  183. 

Bombay,  31. 

Bombon,  plain  of,  98. 

Bon-Chater  (North  Africa),  araenic 
in  springs  at,  ^21. 

Bones  of  extinct  animals  with  hu- 
man remains,  437. 

Bonn,  Shine  at,  163. 


Bootan,  Himalayas  extend  to,  87. 

Boracic  acid  in  water,  218 ;  in  ther- 
mal springs,  221 ;  eruptions  o^ 
336 ;  springs  of  Volterra,  338. 

Bore,  the  wave  so  called,  149. 

Borings  for  water  in  the  desert,  115. 

Borneo,  72,  136 ;  volcanic  band  in- 
cluding, 350. 

Borrowdale,  glacial  action  in,  209. 

Bosjesmans,  shape  of  pelvis  of,  440. 

Botanical  regions,  366;  of  the  Bri- 
tish islands,  376. 

Boulders  and  gravel,  49. 

Boulou  springs,  cobalt  and  nickel 
found  there,  225. 

Boundaries  of  the  trade  winds,  255. 

Bourbon,  72. 

Bourbon  rArohambault,  quantity  of 
water  from  springs,  216. 

Boussingault,  his  account  of  the  tem- 
perature of  hot  springs,  226. 

Bracbiopoda,  415. 

Brahmapootra  river,  171. 

Brazil,  mountains,  69,  96,  99 ;  cur- 
rent, 153  ;  lakes,  191 ;  ancient 
glaciers,  208  ;  monsoons  of,  254 ; 
raiu-faU  in,  281 ;  flora,  371 ;  na- 
tives of,  442. 

Brienz  lake,  182. 

Brighton,  curious  atmospherio  phe- 
nomena at,  242 ;  its  climate,  298. 

Bristol  hot  springs,  217. 

Bristol  Channel,  high  tide  in,  149. 

British  islands,  73 ;  mountains,  85; 
plains,  104;  rivers,  163;  raia-fall, 
282  ;  seasons,  290 ;  climate,  296, 
299 ;  earthquakes,  349,  354 ;  bo- 
tanical districts,  376 ;  races  in- 
habiting, 444. 

Brocken,  spectre  of,  242. 

Broken  line  of  coast,  how  ohaiac- 
terised,  67. 

Broken  water,  147. 

Bromium  in  water,  218. 

Brown,  Mount,  95. 

Bryozoa  fossil,  414. 

Building  material,  varieties  of  gis- 
nite  thus  used,  36. 

Butterflies,  wide  range  of,  395. 

Bygle  Fjeld  (Scandinavian),  81. 
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OABTrnsTAN,  87. 

Ceeuozoic  rocks,  46. 

Cjesar  spring,  Cauterets,  226. 

Caesium,  a  new  metal  discovered  in 
mineral  waters,  218,  228. 

Cafiisos,  a  mixed  race  so  caUed,  445. 

Cairo,  rain  ihere  more  frequent  since 
the  planting  of  trees,  457  ;  rub- 
bish heaps  at,  471. 

Calabria,  account  of,  lives  lost  during 
earthquakes  at,  346  ;  great  earth- 
quake of,  357. 

Calaraite,  411. 

Calcareous  soil,  its  heat-retaining 
power,  454. 

Calcium,  13. 

California,  form  of,  65 ;  mountains 
of,  94 ;  great  basin  of,  109 ;  some 
of  its  springs  yield  potash,  223  ; 
waters  contain  gold,  225 ;  mud 
volcanoes,  339 ;  earthquakes  350. 

Calm,  essential  to  irregular  reflec- 
tion and  refraction,  243. 

Cambrian  rocks,  45  ;  fossils  of,  411. 

Cambridgeshire,  effects  of  the  fen 
drainage  on  chmate,  460. 

Canals,  natural,  464 ;  artificial,  465. 

Canary  islands,  73,  135;  volcanic, 
331 ;  earthquake  band  includes, 
349. 

Caiions  of  the  Colorado,  125. 

Cape  of  G-ood  Hope,  table  land,  108 ; 
referred  to,  135 ;  hailstorm  at, 
199  ;  clouds  on,  273. 

Cape  Negro,  135. 

Cape  St.  Roque,  135. 

Cape  de  Verde  islands,  73,  135  ; 
volcanic,  331. 

Capri,  blue  grotto  of,  144. 

Carac'cas  earthquake,  its  effects,  226, 
345 ;  noise  during,  347. 

Carbon,  an  important  element,  12 ; 
found  in  mineral  water,  221. 

Carbonate  of  lime,  its  abundance  in 
rocks  of  certain  ages,  418 ;  found 
in  water,  219. 

Carbonate  of  soda  abundant  in 
Vichy  water,  223. 


Carbonic  acid,  common  in  water, 
221 ;  in  the  atmosphere,  233  ; 
abundance  of  it  marks  the  close 
of  a  volcanic  eruption,  323. 

Carboniferous  system,  49. 

Carbnretted  hydrogen  in  the  atmo- 
sphere, 233. 

Cardona  salt  deposit,  179. 

Caribbean  Sea,  133, 136, 168. 

Caribs,  of  Mongol  origin,  442. 

Carlsbad  springs,  216  ;  contents  o^ 
223  ;  incrustations  in  waters  o^ 
224 ;  iron  at,  225. 

Carnic  Alps,  80. 

Carohne  Archipelago,  71. 

Carnivora,  how  distributed,  403. 

Carpathian  mountains,  82 ;  plateau, 
105;  Vistula  rises  in,  162;  earth- 
quakes in,  349. 

Casiquiare  (natural  canal),  168. 

Cashmere  valley,  88. 

Caspian  Sea,  174,  175  ;  deposits  in, 
179;  general  account  of,  186;  mud 
volcanoes  and  naphtha  springs 
near,  222. 

CastOle,  plains  o^  111. 

"  Cats'  tails,"  clouds  so  called,  ioio- 
tel  weather,  306. 

Catskill  mountains,  99. 

Cattegat,  the,  184. 

Caubul,  mountains  of,  87. 

Caucasian,  chain,  78,  86, 165 ;  gla- 
ciers, 207  ;  volcanoes,  330 ;  race 
of  men,  440,  443. 

Caucasus,  Indian,  87. 

Cauterets,  springs  of,  216 ;  tempe- 
rature of  water  increased,  226. 

Cavern  bones,  437. 

Caverns,  ice,  211. 

Cayambe,  99. 

Cayenne,  rain-fall  at,  281. 

Celebes,  72 ;  volcanic  belt  includ- 
ing, 350 ;  its  quadrupeds,  405. 

Celestial  mountains  (China),  vol- 
canoes of,  332. 

Celts,  their  position  as  a  race,  444 
447. 

Centenarians  rare,  450. 

Central  America,  plains  of,  109 ; 
sulphuric  acid  in  springs,  220; 
earthquakes,  3S0,  355. 
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Central  Atlantic  basin,  135. 

Central  Europe,  its  flora,  377. 

Central  Prance,  hot  springs  of,  217; 
Tolcanoes  of,  341;  caverns  in,  437. 

Centre  of  disturbance  of  an  earth- 
quake not  easy  to  discover,  348. 

Centre,  specific,  408. 

Centres  of  creation,  new,  381. 

Cephalaspis,  fossil  fish  so  called,  421. 

Cephalonia,  efieot  of  removing  forest 
in,  452. 

Cephalopoda,  fossil,  408. 

Cerealia,  native  country  of,  449. 

Cerigo,  earthquake  at,  330. 

Cevennes  range,  85  ;  efiect  of  re- 
moval of  the  forests  of,  455. 

Chagos  coral  groap,  71. 

Chalk,  48 ;  plateau  of,  105. 

Chalybeate  waters,  225. 

Champlain,  late,  190. 

Change,  in  earth's  excentricity,  5 ; 
of  rocks  after  being  deposited,  41 ; 
in  the  distribution  of  land,  63  ;  of 
monsoons,  accompanied  by  storm, 
255 ;  of  climate,  301 ;  of  weather, 
frequent,  304 ;  of  weather,  signs 
of,  306  ;  of  specific  form  in  orga- 
nic beings,  363  ;  of  climate,  its 
effect  on  animals,  437  ;  of  climate, 
inducing  changes  of  cultivation, 
449. 

Channel  islands,  small  earthquake 
shocks  in,  357. 

Cliaracteristics  of  the  great  masses 
ofland,  74,  75. 

Charcoal  erupted  from  mud  vol- 
canoes, 340. 

Charybdis,  154. 

CJliaudes  Aigues  springs,  217. 

Cheltenham,  contents  of  springs, 
223 ;  climate,  298. 

Chemical  action,  a  form  of  force, 
20 ;  a  form  of  motion,  28. 

Chemical  affinity  produced  by  elec- 
tricity, 29. 

Chemical    change,   how   consistent 
with  apparent  tranquillity  of  tlie 
earth,  54. 
Chemical  phenomena  accompanying 

a  Toleanio  eruption,  322. 
Cherokees,  of  Mongol  origin,  442. 


Cherra  Pungee,  excessive  rain-fall 
at,  281. 

Chesapeake  Bay,  170. 

Chiem-see,  183. 

Chih,  Andes  of,  97,  135  ;  snow  line, 
197 ;  glaciers,  208  ;  volcanoes  of, 
333  ;  earthquakes  of,  355,  358  ;  ' 
drainage  of  lake  in,  4fl3. 

Chilling  effect  of  radiation,  269. 

Chiloe,  72 ;  earthquakes  at,  358. 

Chimborazo  (Andes),  99. 

China,  31 ;  form  of,  65 ;  mountains, 
89,  90, 107  ;  Sea,  133, 136;  snow 
in,  108 ;  periodical  winds,  254 ; 
mud  volcanoes  of,  339 ;  earth- 
quakes of,  353  ;  race  of  men  in- 
habiting, 441 ;  its  civihsation  sta-  ' 
tionary,  448 ;  estimated  popula- 
tion of,  449. 

Chincha  islands,  guano  of,  386. 

Chlorine,  15. 

Choking  of  springs,  229. 

Chromium  in  water,  218. 

Churchill  river,  174. 

Circulation  of  the  atmosphere,  250.  [ 

Circulation  of  water,  by  the  agency' 
of  rain,  14 ;  in  the  ocean  due  to  ' 
change  of  temperature,  143  ;  con- 
stant, 145;   through  the  earth, 
215. 

CirrostratuB  clouds,  274,  277. 

Cirrus  clouds,  274 ;  foretel  weather, 
306. 

Civil  year,  exact  length  of,  6. 

Civilisation  sometimes  recedes,  446, 

Civilised  people  occupy  less  space 
than  savages,  447. 

Clay,  52. 

day  slate,  40. 

Clearness  of  the  sky  influences  the 
feelings  and  sense  of  cold,  292 ; ' 
of  the  air,  a  sign  of  change  of 
weather,  306. 

Cleavage  of  slate,  40. 

Clermont,  dissipation  of  springs  at,. 
217  ;  change  of  mineral  ooutent»' 
of  springs  of,  229.  ' 

Cliffs,  remarkable,  67.  ' 

Climate,  affected  by  eicentricity  of 
earth's  orbit,  10;  account  of,  288 1 
change    of,  probable   in   recant* 
31 


tinies,  302,  456 ;  subject  to  pe- 
riodic changes,  314. 

douds,  their  colours,  244;  their 
phenomena,  270;  their  motion, 
272 ;  their  effect  on  chmate,  297 ; 
foretel  weather,  306. 

doudy  days  common  in  England, 
297. 

Clover  not  cultivable  in  Grreeoe  and 
Italy,  449. 

dub-mosses,  of  Java,  370;  found 
fossil,  411. 

dyde,  river,  163. 

Coal,  deposits  of,  411 ;  effects  of 
removing,  471. 

Coanza  river,  167. 

CJoast  line,  an  important  phenome- 
non, 64;  of  Europe  and  Asia,  66; 
of  Africa,  the  two  Americas,  and 
Austraha,  67. 

'Cobalt,  found  in  water,  218 ;  in  mi- 
neral water,  at  Boulon  springs,  225. 

'Coccosteus,  fossil  fish  so  called,  421. 

Cochabamba,  Sierra  of,  98. 

Cochin  China  mountains,  91. 

Cockles,  distribution  of,  416. 

Cod,  its  great  productiveness,  388. 

Coese,  nitrogen  ia  water  at,  220. 

Cohesion,  19. 

Col  du  G-eant  (Alpine  Pass),  75. 

Cold,  its  effect  on  mercury,  12  ;  its 
influence  on  rate  of  trsvelof  sound, 
245;  maximum  of,  291;  diminished 
by  presence  of  forests,  456. 

Cold  spring,  regions  of,  291. 

Colonisation  opposed  by  certain 
governments,  448. 

■Colonna,  Cape,  83. 

Colorado  river,  109,  173 ;  canons, 
or  peculiar  gorges  of,  125 — 127. 

Colour,  of  water,  144, 145 ;  how  ob- 
tained, 239 ;  of  tne  air,  243  ;  of 
meteors,  267  ;  of  cirrus  clouds, 
274 ;  of  some  clouds,  278 ;  pecu- 
liarities of  in  the  human  race,44A. 

Columbia  river,  173. 

Combinations  of  common  elements, 
how  obtained,  13 ;  those  forming 
rocks,  16 ;  fewness  of  the  number 
that  make  up  rocks,  34. 

-Gtmets,  2. 


Commerce,  how  affected  by  coast 
lines,  64. 

Como,  lake,  182. 

Compass,  variation  of,  31. 

Composition  of  earth's  crust,  8  ;  of 
the  atmosphere,  233. 

Compression  of  the  earth,  4. 

Comrie  (Scotland),  earthquakes  ob- 
served at,  356. 

Conditions  favourable  for  vegetable 
life,  366. 

Conduction  of  heat,  23. 

Confervse  in  sea  water,  380. 

Congelation,  line  of  perpetual,  in  the 
Pyrenees,  81. 

Couiferse,  fossil  remains  of,  411. 

Coniston,  rain-fidl  at,  282. 

Connecticut,  river,  170. 

Constance,  lake,  165,  182. 

Constantinople,  earthquakes  at,  350. 

Contact,  as  influencing  the  action  of 
forces,  19. 

Contact  springs,  HG. 

Contact-combustion,  phenomena  of, 
335. 

Content,  solid,  of  the  earth,  4. 

Continents  defined,  60. 

Continuous  history  of  life  doubtful, 
45. 

Conversion,  of  forces  into  one  ano- 
ther, 29  ;  of  mist  into  cloud,  280. 

Cook,  Mount  (New  Zealand),  100. 

Copiapo,  snow  line  at,  197;  earth- 
quakes at,  358. 

Copper  in  water,  218;  in  mineral 
springs,  225. 

CoproUtes,  419. 

Copts,  a  Negro  group,  443, 

Coral  animal,  its  distribution,  392. 

Coral  islands,  70. 

Corals,  fossil,  414. 

Cordillera  of  the  Andes,  95,  96. 

Corfu,  sulphur  in,  220. 

Correlation  of  natural  forces,  29. 

Coseguina,  volcano  of,  321. 

Cdte  d'Or,  163. 

Cotopasi  (Andes),  99  j  volcano  of, 
321,  333;  eruption  of,  preceded 
by  noise  and  earthquake,  347. 

Cotteswold  hills,  103, 163. 

Course  of  Bhine,  163. 


INDEX 


48S 


<!ramuin,  its  value,  as  markine  race, 
439. 

Crater,  Tolcanic,  318. 

Crenio  acid  in  watey,  219. 

Crimea,  mountains  of,  85 ;  deposits 
on  shores  of  some  lakes  in,  223  ; 
mud  volcanoes  of,  337. 

Crocodiles,  distribution  o:^  398 ; 
fossil,  427. 

Crustaceans,  habit  of,  388. 

•Cryptogamia,  364. 

Crystals,  conveyance  of  heat  along 
the  axis  more  rapid  in  some  cases 
than  in  any  other  direction,  23. 

Cuba,  73. 

Caenca  mountains,  85. 

Cultivation,  its  effect  on  climate, 
302 ;  in  North  America,  453. 

Cumberland,  lakes  of,  180;  glacial 
action  in,  209 ;  rain-fall  in,  282 ; 
climate  of,  298. 

Cumbrian  rocks,  45. 

Cumulo-stratus  clouds,  275. 

Cumulus  clouds,  274. 

Curran  Tuhol  (Ireland),  85. 

Curi-ents,  in  water,  indicated  by  co- 
lour, 145;  affeotiog  large  bodies  of 
water,  150 ;  aceoont  of  the  prin- 
cipal stream  currents,  151 ;  theo- 
retical, in  the  ocean,  250 ;  in  the 
atmosphere,  252. 

Cuttle  fish,  habits  of,  319. 

Cuzco,  knot  of,  98. 

Cycads,  common  fossils,  411. 

Cyclonic  storms,  258,  261 ;  their 
influence  on  the  weather,  305. 

Cyrus  river,  174. 

D. 

DaHiT  oscillations  of  the  barometer, 
235,  292. 

Dalbo  lake,  184. 

Dalmatian  mountains,  82,  165. 

Danish  races,  444. 

Danube,  valley,  125 ;  nver,  165 ; 
rapids  o^  193. 

Dark  lines  in  the  spectrum,  how 
caused,  28 ;  appearance  of,  when 
seen  in  the  upper  part  of  the  at- 
mosphere, 247. 


Darling  river,  173. 

Dartmoor,  105 ;  rain-fall,  283. 

Darwin,  on  volcanoes,  341. 

Dauphin6,  glaci^res  in,  211. 

Dead  sea,  deposits  in,  179 ;  account 
of,  187. 

Deccan,  91 ;  plateau,  108 ;  rirem 
rising  from,  171. 

Deciduous  trees,  home  of,  367. 

Deep  soundings,  137. 

Deer  lake,  189. 

Definite  order  not  traceable  in  stra- 
tified rocks,  42. 

Definition  of  physical  geography,  1. 

Deflection  of  the  needle,  32. 

Delaware  river,  170. 

Deltas,  their  origin,  156 ;  of  Bhine, 
163. 

Density  of  rocks,  10 ;  of  sea  water, 
139. 

Denudation,  50. 

Depressed  basins,  186. 

Depressions  of  the  sea,  62. 

Depth,  greatest,  att-ained  by  sink- 
ings, 9  ;  of  the  sea,  62,  137  s  of 
effect  of  storm  waves,  147  ;  tus- 
tribution  of  marine  animals  in, 
383.- 

Derbyshire  hills,  104. 

Derwentwater  lake,  180. 

Desaguadero,  plateau  of  (South 
America),  98, 110. 

Desert,  of  Africa,  69 ;  of  Arabia, 
115  ;  bm-uing  wind  across  tbe, 
257 ;  Mongohan,  123. 

Deserts,  their  floras,  378. 

Development  of  vegetation  depen- 
dent on  temperature,  292. 

Development  of  complex  plants,  365. 

Devonian  rocks,  46. 

Dew,  268 ;  as  a  weather  sign,  307. 

Diamagnetic  metals,  31. 

Diathermic,  meaning  of  the  term, 
26. 

Dicotyledons,  365. 

Dicynodon,  a  South  Ainam  fossil 
reptile,  426. 

Differences  among  races  of  men, 
448. 

Diminution  of  temperature  in  tlie 
upper  part  of  the  air,  238. 
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]}iiiiinution  of  raia-fall  in  England 
proved,  284. 

Dinara,  Motmt,  83. 

Sinaric  Alps,  82. 

iDinornis,  429. 

Direction  of  extension  of  land,  its 
influence,  65. 

Direction  of  wind,  prevalent,  255 ; 
affects  weather,  305. 

Dispersion  of  light  by  the  atmo- 
sphere, 239. 

Disruption  of  strata,  43. 

Distance  of  earth  from  sun,  5. 

Distance  between  extreme  points  of 
earthquake,  358. 

Distribution  of  land,  60,  61  j  of 
heat,  289 ;  of  volcanoes,  324 ;  of 
earthquakes  in  space,  348  ;  in 
time,  351 ;  of  plants,  382 ;  of 
axiimals,  382 ;  of  Ufe  in  time,  406; 
of  the  human  races,  436. 

Disturbances,  magnetic,  32  ;  of 
strata,  42. 

-Disturbing  cause  of  atmospheric 
currents,  250. 

Divisions  of  the  earth,  how  pro- 
duced, 16. 

Dnieper  river,  161,  165. 

Dniester  river,  165. 

Dodo,  a  recently  extinct  bird,  429. 

-Dolomites,  52. 

Domesticated  animals  adapt  them- 
selves to  change,  449. 

Don,  river,  162, 165. 

D'Oo,  lake,  183. 

Dordogne,  river,  164. 

-Double  refraction  of  light,  246. 

Double  storms,  260. 

Douro,  river,  164. 

Dove,  on  isothermals,  290. 

Dover  Castle,  irregular  reflection, 
showing,  342. 

Dovre  Fjeld,  84  j  earthquake  band 
includes,  349. 

Drainage,itsinfluenceonclimate,460. 

Drainage-areas,  175. 

Drave,  river,  155. 

Dredge  for  deep  soundings,  137. 

Dr6me,  river,  164. 

sDiyness  of  clear  air  at  great  eleva- 
tions, 237. 


Dublin  rain-fall,  260. 
Dugong,  distribution  of,  385. 
Dunes,  their  value  in  checking  the 

advance  of  drifting  sand,  467. 
Durance,  river,  164. 
Duration  of  life,  450. 
Dutch,  their  race,  444. 
Dwina  river,  173. 
Dykes,  efiect  of  on  climate,  460; 

example  of  gigantic,  461. 

E. 

Eabih — its  revolution,  position,, 
magnitude,  compression  and  sur- 
face, 4 ;  its  distance  from  the  sun, 
5 ;  time  of  revolution,  6 ;  how 
regarded  in  a  treatise  on  physical 
geography,  17. 

Earth's  crust,  how  made  up,  8 ;  its- 
estimated  thickness,  10. 

Earthquakes,  afiect  mineral  springs,- 
226 ;  are  sometimes  experienced 
during  cyclonic  storms,  263 ;  con- 
nection with  volcanoes,  344 ;  va- 
rious kinds,  346  ;  destruction  to- 
human  life  by,  346  ;  alarm  felt 
during,  347  ;  accompanying  phe- 
nomena, 347  ;  distribution  in 
space,  348,  351 ;  general  conclu-^ 
sions  on  this  subject,  351 ;  dis- 
tribution in  time,  351 ;  seasons^ 
of  most  earthquakes,  354;  rela- 
tion to  moon's  age,  356;  small 
shocks,  356 ;  example  of  violent 
earthquakes,  357 ;  distance  of 
point  of  origin,  358. 

East  winds,  in  some  places  trade 
wuids,  250 ;  their  properties  in 
England,  294 ;  in  America,  29S. 

Eastern  Thibet,  plain  of  111. 

Bbro  river,  164, 

Eddies,  154. 

Edinburgh  rain-fall,  283. 

Eger  river,  162. 

Eggs  of  gigantic  birds  found  foesil, 
429. 

Egypt,  silicified  wood  of,  221. 

Easter  island,  135  ;  volcano  of,  332. 
results  of  planting  in,  456 ;  pulst 
not  now  cultivable  in,  449, 
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'EgyptianB,  originally  negroes,  443. 
Eifel  springs,  rich  in  iron,  225. 
Elbe  river,  162. 
Elburz  (Caucasus),  account  of,  86  ; 

volcanic,  330. 
Jllective  affinity,  16. 
Electric  current,  resulting  from  two 

metals  in  contact,  24. 
-Electric  storms,  account  of,  264 ;  in- 
fluence climate,  298. 
Electrical  action,  during  storms,  260; 
during  change  of  mist  into  cloud, 
280. 
Electrical  condition  of  the  air,  297. 
Electricity,  action  of,  20;  conduc- 
tion of,  23  ;  varieties  of,  23 ;  pro- 
duces magnetism,  29 ;  excited  by 
mere  heat,  29;  liberated  during 
rain,  280. 
Elements,  their  nature,  11 ;  in  sea 

water,  139. 
Elephants,  432. 

Elevation,  of  strata,  42;  of  land,  pa- 
ralleled by  depressions  of  sea,  62. 
Elias,  Mount,  95,  134. 
Elsinore,  curious  deposit  at,  470. 
Embankment  and  recovery  of  soil, 

its  effect  on  oHmate,  460. 
Embankments,   their  value  in  pre- 
venting inundation,  464. 
Enare,  lake,  184. 
Engineering    works   as   influencing 

natural  features,  470. 
England — mountains,  85;  hills,  102; 
plains,  105 ;   rivers,  163  ;  lakes, 
180 ;  snow  falling  in,  198 ;  rain- 
fall,   282;  chmate,   296;   earth- 
quakes, 354;    compaiison  of  its 
flora  with  others  in  Europe,  376 ; 
population  of,  449 ;  derivation  of 
its  races,  444. 
Entomostraca,  fossil,  415. 
Equator  of  the  earth,   3  j  highest 

elevations  near  the,  74. 
Equatorial,  mountain  range  in  Af- 
rica, 93 ;  current,  153. 
Dquilibrium  of  solar  system  com- 
plete, 10. 
Jiquinoctial  gales,  296. 
ii^quiuoxes,  G. 
Crif,  l..kc,  lyO. 


Eruption,  volcanic,  318,  S20 ;  «(  » 

mud  volcano,  334. 
Erzgebirge  (mountains),  85. 
Esquimaux,  a  branch  of  the  Mon- 
gols, 442. 
Essential  oils,  their  vapours  render 

air  opaque  to  heat  rays,  25. 
EstreUa  mountains,  85. 
Ether,  extension  of,  2 ;  agency  of, 

in  producing  Hght  and  heat,  25. 
Ethiopians,  a  negro  variety,  443. 
Etna,  account  of,  327,  328;  mud 

volcano  on  slopes  of,  338. 
Eucalyptus,   characteristic  of  Aus- 
tralian floras,  372. 
Euphorbia,  characteristic  of  some 

African  floras,  371. 
Euphrates  river,  171. 
Europe — coast    line,    65  ;    general 
physical  geography,  67;  land,  68; 
hilly  and  mountaiuous,  74;  moun- 
tains, 79 ;    plateaux,    105 ;    low 
plains,  112;  valleys,  125;   Gulf 
stream  on  its  shores,  152 ;  rivers, 
161;  lakes,  181;  waterfaUs,  193; 
climate,  299 ;  climate  affected  by 
Gulf  stream,  300;  volcanoes,  326; 
areas  of  earthquake  action,  354 ; 
population,  449. 
European,  facial  angle  of  the  head, 
439 ;  form  of  pelvis,  440 ;  classi- 
fication of  rfices,  440 ;  character 
of  language,  444. 
Evaporation,  its  effects  in  the  Hed 

Sea,  150. 
Everest,  Mount,  88. 
Evergreen  trees,  home  of,  367;  cha- 
racteristic of  southern  Em-ope- 
377. 
Exceutricity  of  earth's  orbit,  5,  6. 
Expansion  of  water  in  freezing,  22, 

199 ;  of  air  when  heated,  236. 
Expansion  by  heat  not  universal,  22. 
Explosion,  volcanic,  346. 
Extension  of  land,  its  direction,  65. 
Extinct  volcanoes,  341. 
Extinction  of  species,  383. 
Extirpation  of  races,  444. 
Extreme  of  cold  in  the  northern 

hemisphere,  291. 
Extreme  climates,  299. 
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PaOiax  angle  of  different  races,  439. 

Facies  of  vegetation,  its  meaning, 
371. 

Falkland  islands,  135;  no  reptiles 
in,  400. 

i"all  of  water  in  a  river  course,  159. 

Fareweather,  Mount,  95. 

I'aro  islands,  108 ;  plateau  of,  135. 

Pata  Morgana,  242. 

S'aulting  of  strata,  43. 

February,  time  of  least  rain-fall  in 
England,  284. 

Females,  number  bom  smaller  than 
of  males,  449. 

Fens,  drainage  of,  effect  on  climate, 
460. 

Fernando  Moronho,  135. 

F^rna,  account  of,  364;  the  com- 
mouest  fossil  plants,  386. 

Ferro,  earthquake  band  including, 
349. 

Fiohtelgebirge  (mountains),  85. 

Fidji  islands,  barrier  reef,  71. 

Finland,  Gulf  of,  162. 

Finmari,  lakes  of,  184. 

Fim,  203. 

Fish,  destroyed  during  a  Toloanio 
eruption,  332;  habits  of,  386; 
remains  found  fossil,  419. 

Fissures  in  granite,  their  contents, 
37. 

Fitzroy,  Admiral,  on  the  phenomena 
of  cyclones,  267. 

Fixed  stars  contain  some  of  same 
elements  as  the  earth,  11. 

Fjords,  position  of  the  most  remark- 
able, 67. 

Floating  of  clouds,  279. 

Flood  of  rivers,  159. 

Flood-moderators  of  rivers,  160. 

Floor  of  Atlantic  Ocean,  137. 

Floras,  distinct,  how  produced  368 ; 
special,  369 ;  Indo-Malayan,  369 ; 
Javan,  370;  Hindostan,  370;  tro- 
pical South  American,  371 ;  tro- 
pical African,  372  ;  Arabian,  373; 
Australian  and  New  Zealand,  373; 
Ji'orth  American,  373;  islands  in 


the  Pacific,  375  ;  tempoi-ate  re- 
gions of  the  Old  World  in  Europe, 
376:  China  and  northern  Asia, 
378 ;  marine,  379. 

Florida,  form  of,  65 ;  G-ulf  stream 
passes,  152. 

Fluate  of  lime  found  in  mineral 
waters  at  Vichy,  224. 

Fluidity,  how  produced,  22. 

Fluorine,  15 ;  in  water,  219 ;  in. 
springs,  221. 

Fohn,  account  of,  257. 

Fog,  how  produced,  270. 

Fog  bank,  277. 

Food-plants,  native  country  of,  449. 

Footsteps  of  birds,  428. 

Foraminifera,  their  habits,  393 ;  fos- 
sil, 413. 

Forbes,  Professor  E.,  on  the  distri- 
bution of  marine  animals,  S83. 

Force,  physical,  19 ;  never  lost,  21, 
29;  resolvable  into  life,  29;  quan- 
tity expended  in  formation  and 
evaporation  of  rain,  285. 

Force  of  winds,  258. 

Forces  of  nature,  interchangeable. 
29.       • 

Forchanmier,  Dr.,  on  the  contents- 
of  sea  water,  141. 

Forest  vegetation  of  South  America,^ 
373. 

Forests,  result  of  destroying,  449,. 
451 ;  their  effect  on  the  atmo- 
sphere, 454. 

Form  of  earth,  irregular,  4. 

Form  of  land,  what  dependent  on,. 
63 ;  in  different  coutments,  65. 

Formic  acid  in  water,  219. 

Formosa,  72;  a  volcanic  island,  332^ 
an  earthquake  belt  includes,  350. 

Forster,  George,  on  relative  tempe- 
rature, 290. 

Fossil  footsteps,  423. 

Fossils,  earliest  known,  45 ;  account 
of,  407. 

France — ^mountains,  85  ;  plateaux, 
105 ;  '  rivers,  163 ;  lakes,  181  p 
mineral  springs,  216 ;  extinct  vol- 
canoes, 341 ;  earthquakes,  355  { 
forest  land  in,  459 ;  races  of  meu> 
444. 
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XWioonian  Switzerland,  104. 

IVaser  river,  172. 

Prauklin,  Sir  J.,  the  discoverer  of  a 
north-west  passage,  60. 

BMction,  action  ot^  ia  producing 
heat,  21. 

EViendlj  islands,  134. 

EViesland,  races  inhabiting,  444 ;  ef- 
fect of  dylces  on  coast  of,  461. 

Bringing  reefs,  71. 

Frigate  bird,  habit  of,  385. 

Fucinus,  lake,  effect  of  draining,  462. 

Fulda  river,  162. 

Fumeroles,  335. 

Fundamental  rooks,  34. 

Fungi,  growth  of,  364. 

Fusion  of  granite,  37. 


a. 

Q-ABEL  and  Hue,  travellers  in  Thi- 
bet, 107. 

Gaels,  an  ancient  people,  447. 

Qalapa^s,  group  of  islands,  72, 134; 
TOlcanic,  333 ;  flora  o^  375. 

Oales,  258. 

Glallas,  a  Negro  group,  443. 

GtaUicia,  lakes  of,  183. 

Gambia,  river,  167. 

Ganges,  valley  of,  125  j  river,  171  s 
proceeds  from  a  glacier,  207. 

Ganoid  fishes,  422. 

Gaps  in  geological  succession,  45. 

Gard,  river,  164. 

Garda,  lake  182. 

Goriep,  river,  167. 

Garonne,  river,  163.  207. 

Gascony,  moving  sands  on  coast  of, 
466. 

Gases,  their  influence  in  destrojing 
the  diathermism  of  dry  air,  26; 
ihey  absorb  the  same  rays  that 
they  emit,  28 ;  present  in  granite, 
88 ;  those  found  in  sea  water,  141 ; 
forming  the  atmosphere,  233 ; 
erupted  from  volcanoes,  322. 

GaiOBt,  organic  matter  emitted 
from  the  springs  of,  226. 

Geneva,  lake,  164, 181. 

G«ographical  mile,  its  length,  59. 


Geographioal  position,  an  element  of 

climate,  295. 
Geology,  a  part  of  physical  geogra- 
phy, 17 ;  account  of,  33. 

Georgia,  river  Cyrus  runs  through, 
174;  island  of,  135;  Gulf  of,  173. 

Georgians,  a  main  division  of  the 
Mongolio  type  of  man,  441. 

German  Ocean,  drainage  into,  162. 

Germany,  mountains,  85  ;  plateaux, 
105 ;  plains,  112 ;  rivers,  162, 
165 ;  lakes,  183;  mineral  springs, 
216  ;  earthquakes,  354 ;  rnoes  of 
men,  444. 

Germany,  north,  its  crops  deterio- 
rated by  clearing  the  forests,  456. 

Gktffi,  a  pastoral  race,  123. 

Geysers,  91,  108 ;  silica  deposited 
near,  221;  describedandexplained, 
336. 

Gh&ts  of  India,  account  of,  91,  108; 
rain-fail,  253. 

Ghazar^s,  an  Asiatic  race,  123. 

Gibraltar,  Straits  of,  132. 

Giessen,  nitrous  acid  in  springs,  220. 

Girgenti,  mud  volcanoes  near,  339, 
391. 

Gironde,  river,  164. 

Glacial  period,  how  caused,  6. 

Glacial  action  on  rocks,  181,  208. 

Glaci&es,  description  of,  211. 

Glaciers,  general  account  of,  202,207. 

Glairrne,  found  in  various  mineral 
waters,  225. 

Glaisher,  Mr.,  his  balloon  experi- 
ments, 237. 

Glass,  transparent,  not  diathermiiL 
26. 

Glockner,  Grosse  (Tyrol),  80. 

Glommer,  falls  of,  192. 

Gneiss,  39. 

Goats,  the  destruction  they  cause 
to  young  trees,  452. 

Gobi,  plains  o^  89 ;  desert  of,  102  ; 
inhabitaiits  of  the  steppe,  123 ; 
almost  rainless,  284. 

Godaveiy,  river,  171. 

Godwen-Austen,  Capt,,  on  Hima- 
layan glaciers,  197. 

Gktld  in  water,  218,  225. 

Gorges  in  table  lands,  12, 126. 
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Crorilla,  facial  angle  of,  439. 

Gothic  races,  444. 

G-oths,  their  influence  on  the  Latin 
races,  446. 

Gottl,  his  analysis  of  Carlsbad  wa- 
ters, 219. 

Government  of  the  vmiverse,  general 
remarks  on,  472. 

Graham  island^  329. 
'      Gran,  riTer,  165. 

Grande  Grille  spring  (Vichy),  sup- 
ply from,  228. 

Granite,  not  always  ancient,  or 
formed  at  great  depth,  9 ;  account 
of,  3S ;  fusion  of,  37;  a  metamor- 
phic  rock,  54. 

Granitic  plateau,  105. 

Graptolites,  fossils  so  called,  414. 

Gravel,  deposit  of,  49. 

Gravitation,  19. 

Great  Easin  of  CaUfomia,  109. 

Great  Bear  lake,  189. 

Great  Ksh  niver,  171. 

Great  Glockner  f Tyrol),  80. 

Great  Slave  lake,"  189. 

Greece,  form  of,  65 ;  highest  moun- 
tain, 83. 

Greek  Archipelago,  165;  earthquake 
band  through,  350 ;  volcanoes  of, 
327,  330,  392. 

Greek  races,  444 ;  civiUsation  of 
checked,  446. 

Greenland,  form  of,  65  ;  general  ac- 
count, 135 ;  glaciers,  208 ;  ice- 
bergs from,  210 ;  earthquake 
band;  349. 

GTiquaHottentots,amixed  race,  445. 

Grotesque  clouds,  275. 

Ground  swell,  147. 

Grouping  of  rocks,  46  ;  of  land,  64, 

Guadalquivir,  river,  164. 

GTuadarama  mountains,  85. 

Guadiana,  river,  164. 

Guano  of  Iquique,  386. 

Guatemala,  table  land  of,  96, 108  j 
Tolcanoes,  334. 

Guiana,  rain-fall  in,  281. 

Guinea,  Gulf  of,  colour  of  water, 
145  ;  account  of,  167. 

Guinea  current,  153, 

Guoma  mountain  (Findus),  82, 


Gulf  of  Mexico,  133 ;  its  influence, 
291. 

Gulf  stream,  account  of,  l53 ;  pro- 
bable effect  of  change  in  its  di- 
rection on  climates,  300, 

Gulf  weed,  155. 

Gum  tree,  characteristic  of  Austra- 
lian floras,  372. 

Guyana,  mountains  of,  121. 

Gypsum  and  sulphur  in  Sicily,  220. 


H. 

Haablem,  drainage  of  lake  of,  462. 

Habits  of  animals  prognosticate 
change  of  weather,  308. 

HaU,  its  foi-mation,  199 ;  becomes 
more  common  when  forests  are 
removed,  454. 

Hair,  peculiar,  of  negroes,  440, 

Halos,  how  produced,  244;  where 
formed,  274;  prognosticate  change 
of  weather,  306. 

Hamite,  418. 

Handek  falls,  192. 

Hanhai  desert,  107. 

Hanover,  162. 

Hardanger  Qord,  193. 

Hardy  plants  range  widely,  360. 

Harrogate,  climate  o.*',  298. 

Hartz  mountains,  85, 

Hash,  glacier  marks  in  valley  o^  20S. 

Hastings,  irregular  reflection  at,  242. 

Hatteras,  Cape,  rate  of  Gulf  stream 
at,  152. 

Hawaii,  73  ;  volcanoes  of,  319,  326. 

Heat,  influence  of,  on  sombinations, 
12 ;  a  form  of  force,  20,  22  ;  how 
produced,  20 ;  conduction  of,  23 ; 
travels  best  along  the  axis  of 
crystals,  23  ;  developed  by  elec- 
tricity, 23 ;  excites  electricity,  28 ; 
its  influence  on  chemical  action, 
passes  through  dry  air  without 
warming  it,  236 ;  an  essential  part 
of  climate,  288 ;  influence  ou 
ozone,  297. 

Heat  rays,  their  position  in  the 
spectrum,  24 ;  action  of  the  atmo- 
sphere on.  248. 
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Heated   wire   conducts    electricity 
more  slowly  than  when  cool,  24. 
Heating  effect  of  sun's  rays,  24. 
Hebrews,  referred  by  Dr.  Latham 

to  the  Negro  type,  443. 
Hecla,  account  of,  331. 
Heel  bone  flat  in  negroes,  440. 
Height,  of  the  atmosphere,  234 ;  or- 
.  diuary,  of  clouds,  271  ;   reached 

by  balloons,  247. 
Helstone  rain-fall,  283. 
Herculauseum,  329. 
Herring,  its  distribution,  387. 
Heteropoda,  fossil,  417. 
Hielmar  lake,  185. 
High  barometer,  when  usual.  256. 
High  water,  its  meaning,  148. 
Halls,  definition  of,  101 ;  sandy,  in 

Trance  and  Africa,  467. 
Himalaya  plains,  68  ;  slopes  of,  74, 
78;  recently  elevated,  76;  moun- 
tain chain,  87  ;  snow  hue,  197 ; 
glaciers,  207 ;  mud  volcanoes  of, 
339  ;  limits  of  trees  on,  367;  cer- 
tain flowers  obtained  from,  378. 
Hindustan,  mountains  of,  91;  plains 

of,  114 ;  flora  of,  370. 
Hinter  Khein,  162. 
Hindu-Koosh,  87, 107. 
Hiong-nu,  an  ancient  people,  123. 
Hippurite  limestone,  416. 
Hoang-ho  river,  172. 
Holland,  earthquake  band  reaches, 

349. 
Holy  Land,  volcanoes  of,  330. 
Home,  natural,  of  plants,  367. 
Honduras  mountains,  96. 
Hooker,  Dr.,  his  account  of  exees- 
sivB  rain-fall  at  Hyderabad,  281 ; 
on  fossil  foraminifera,  413. 
Hooker,  Mount,  95, 172. 
Hoom  (or  Horn),  Cape,  97. 
Hopkins,  Mr.,on  thickness  of  earth's 

crust,  10. 
Horizontal  earthquakes  346. 
Horizontal  reflection,  242. 
Horizontal    space,    distribution    of 

plants  in,  364. 
Horse,  a  native  of  western  Asia,  382. 
Horse  latitudes,  253. 
Horse-shoe  fall  (Niagara),  195. 


Hot  springs,  remarkable,  217. 

Hot  winds,  257. 

Hottentots,  a  Negro  group,  443. 

Huanco,  knot  of,  98. 

Hue  and  Gabet,  travellers  in  Thibet, 

107. 
Hudson  river,  99,  170. 
Hudson's  Bay,  31,  117,  133. 
Human  influence  on  climate,  302 ; 

on  inanimate  nature,  451. 
Human  interest  of  plains,  121.  . 
Human  race,  its  distribution,  436. 
Humboldt,  on  lines  of  dislocation, 
216 ;  on  sulphuric  acid  in  mineral 
waters  in  Central  America,  220  ; 
account  of  Las  Trincheras  waters, 
226 ;    on  bands  of  cirrus  cloud, 
274;    on  mean  annual  tempera- 
ture, 290 ;  on  origin  of  volcanoes, 
340. 
Humboldt's  current,  154. 
Humidity,  characteristic  of  certain 

chmates,  375. 
Humming   birds,   characteristic  of 

America,  402. 
Humus,   its   heat-retaining   power, 

455. 
Hungaiy,  nitrate  of  potash  in  mi- 
neral waters  of,  223. 
Huns,  Asiatic  races,  123. 
Huron,  lake,  190. 
Hurricanes,  258. 
Hybridism,  common,  444. 
Hyderabad,  Dr.  Hooker's  account 

of  heavy  rain  at,  281. 
Hydriodic  acid  in  water,  218. 
Hydrobromio  acid  in  water,  218. 
Hydro-carbons,    found  in  mineral 

springs,  222. 
Hydrochloric     acid,     in     mineral 

springs,  218 ;  in  air,  234. 
Hydrogen  gas,  14;  in  mineral  waters, 
219 ;  abundance  of  at  the  com- 
mencement of  a  volcanic  erup- 
tion, 322. 


lBEEiAif,peuinsula,68;  plateaa,106. 
Ice,  not  diathermic,  26;  phenomena 
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of,  199,  204 ;  formed  in  the  tro- 
pics, 270 ;  results  of  possible  ex- 
tension of,  300. 

Icebergs,  nature  of,  204  ;  in  the 
Atlantic,  209 ;  influence  of  on 
climate,  299. 

Ice  cap  in  Greenland,  210. 

Iceland,  73,  135 ;  glaciers  of,  208 ; 
hot  springs  of,  217 ;  sulphur  of, 
220;  geysers  of,  221,  336;  Tol- 
f  anoes,  33] ;  mud  volcanoes,  339; 
earthquakes,  353. 

Iceland  spar,  its  effect  on  light,  246. 

Toe  marks,  208. 

Ichnology,  423. 

IchthjosauroB,  425. 

Identification  of  strata  by  fossils,  44. 

Hie,  river,  163. 

Illness  produced  during  severe  wea- 
ther, 292. 

Ulyiian  races,  444. 

Iknen,  lake,  184. 

Impact,  heat  the  result  of,  21. 

Implements,  human,  found  in  ca- 
verns, 437. 

Impressions  of  auimals,  &c.,  how 
preserved,  423. 

Increase  of  springs,  228. 

Increment  of  temperature  in  the  in- 
terior of  the  earth,  9. 

Indestructibility  of  force,  29. 

India,  form  of,  65 ;  mountains,  91 ; 
rain-fall  on  west  coast,  281;  water 
contains  nitrate  of  potash,  223  ; 
irregular  reflections  in,  242;  earth- 
quakes of,  350. 

India-rubber,  its  irregular  expan- 
sion, 23. 

India,u  Archipelago,  72;  birds  of, 
401 ;  inhabitants,  441. 

Indian  Caucasus,  87. 

Indian  Ocean,  31, 133 ;  coral  islands 
in,  71 ;  soundings  in,  138 ;  spe- 
cific gravity  of  waters  of,  140 ; 
drainage  into,  171 ;  periodic^ 
winds,  254. 

Indians,  American,  shape  of  the  pel- 
vis, 440 ;  of  Mongol  origin,  442. 

3  ndications  of  weather,  304. 

Indighirka  river,  174. 

Indo-AustroHan  archipelago,  369. 


Indo-Grermanic  races,  444. 

Indo-Malayan  flora,  369. 

Indus  river,  171, 207;  valley  o^  186,. 

Inequalities  of  earth's  surface,  17. 

Inequality^  of  level  districts,  unifor- 
mity of  winds,  251. 

Influence  of  man  on  climate,  302  f 
on  inanimate  nature,  457. 

Inlets,  position  of  remarkable,  67. 

Inn,  river,  165. 

Inosculating  rivers,  159,  168. 

In-schan  mountains,  90. 

Insects,  foretel  weather,  308;  distri- 
bution of,  394. 

Instincts  of  animals  prognosticate 
weather  change,  306,  308. 

Instruments  required  to  measure 
changes  in  the  state  of  the  an,  303. 

Intensity  of  eartliquake  action,  348.. 

Interior  of  the  earth  little  known, 
8;  its  temperature,  9:  density,  10, 

Intermittent  springs,  227. 

Inter-planetary  spaces,  small  amount 
ofheatin,  247. 

Introduction  of  man,  436. 

Inundation  prevented  by  embank- 
ments, 464. 

Iodine,  in  water,  218;  springs  in 
Saxony  rich  in,  228. 

Ionian  islands,  result  of  removing 
forest  in,  452. 

Iquique,  guano  on,  386. 

Irak,  sandy  deserts  of,  107. 

Iran,  table  land  of,  106. 

Irawaddy  river,  172. 

Ireland,  mountains  of,  85 ;  plateau, 
108 ;  lakes,  181 ;  ice  marks  in, 
209  :  rain-faU  in,  282  ;  its  flora 
comjfared  with  that  of  Spain,  376; 
lake  tribes  of,  446. 

Irendik  mountain  range,  86. 

Iron,  15 ;  polarity  of,  30  ;  in  water, 
218 ;  in  spring  water,  225 ;  in 
air,  234. 

Iron  gate,  83,  125. 

Iron  ores  in  limestone,  51. 

Iroquois,  of  Mongol  origin,  442. 

Irregularity,  of  motions  of  earth  and 
planets,  7  ;  of  the  earth's  surface, 
62. 

Irrigation  as  a  human  agent,  46S» 
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Irtish,  river,  89,  114,  173. 

Isar,  river,  165. 

Ischia,  an  extinct  volcanic  district, 
330,  391. 

Iseo,  lake,  182. 

Isere,  river,  164. 

laker,  river,  165. 

Island,  new,  in  the  sea,  near  the 
Azores,  345. 

Islands,  groups  of,  70 ;  their  na- 
ture, 70. 

Isle  of  Man,  small  earthquake  shocks 
in,  357. 

laocheimal  lines,  290. 

Isotheral  lines,  290. 

Isothermal  lines  and  planes,  290. 

Isthmus  of  Suez  or  Darien,  prohable 
result  of  cutting  across,  470. 

Italy,  form,  65  ;  mountains,  83  ; 
rivers,  164;  lakes,  182;  volcanoes, 
327  ;  mud  volcanoes  338 ;  earth- 
quake area,  349 ;  earthquakes  of, 
355 ;  human  races,  444. 

Ives,  Lieut.  J.,  his  account  of  the 
Colorado  canons,  125. 


J. 

Jakotxtsk,  extreme  of  cold  at,  291. 

Jamaica  earthquake,  353. 

James,  Sir  H.,  on  the  shifting  of 
the  earth's  axis,  10. 

James  river,  170. 

Jan  Mejen  island,  glaciers,  208:  vol- 
canoes, 331 ;  earthquake  band, 
349. 

Japan,  islands,  72  ;  sea  of,  31,  133, 
136  ;  hot  springs,  217  ;  earth- 
quakes, 350. 

Jaffa,  its  volcanoes,  326,  332 ;  mud 
volcanoes,  339  ;  volcanic  belt  in- 
cluding, 350 ;  rich  in  fruits,  370; 
reptiles,  397. 

Javanese,  shape  of  pelvis,  440. 

Jaxartes,  river,  175. 

Jesso,  134. 

JoruUo  (Mexico),  quoted  by  Hum- 
boldt, 341. 

Julian  idps,  80. 


Kafpbes,  a  negro  group,  443. 

Kakabika  falls,  195. 

Kalmuck  head,  its  facial  angle,  439. 

Eambojan,  group  of  men,  441, 

£amtchatka,  form  of,  65 ;  account 
of,  134 ;  sea  of,  136 ;  glaciers,. 
208 ;  volcanoes  of,  333  ;  earth- 
quakes, 350 ;  people,  442. 

Karuma  falls,  194. 

Eashmeer  valley,  88. 

Kenia,  Mount  (Africa),  93. 

Eermau,  plains  of,  107. 

Eertch,  peninsula,  132 ;  Straits  o^^ 
165 ;  mud  voloaaoes  of,  337. 

Eilauea  crater,  319. 

Eilima-njaro  (Africa),  93  j  snow- 
line on,  197. 

Eillamey  lakes,  181 ;  ice  marks  on, 
209. 

Einzig,  river,  163. 

Eirghis  steppes,  112, 114. 

Eissingen,  intermittent  springs  of,-. 
227. 

Eistna,  river,  163. 

Ejoleu  range,  84. 

Ejiots  in  mountain  chains,  96. 

Koh-i-kwajeb,  lake,  186. 

Eolyma  river,  174. 

Eoreans,  a  Mongol  race,  442. 

Eosciusko,  Mount  (Australia),  lOO. 

Kotelnoi,  open  sea  near,  201. 

Euban,  river,  165. 

Euen-lin  mountains,  88. 

Eur,  river,  174. 

Eurdistan,  inhabitants  of,  444. 

Eurile  islands,  72,  134 ;  volcanoea.' 
of,  333  ;  earthquakes  of,  350. 


Labyeiuthodoit,  424. 
Lac  bleu,  183. 
Lac  d'Oo,  183. 
Laccadives,  71. 
Ladak,  level  near,  107. 
Ladoga  lake,  184. 
Ladrone  islands,  134. 
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Xago  di  G-arda,  182. 
Iiago  Maggiore,  182. 
Lagoons,  179, 191. 
I/ahn  river,  163. 
Lake  tribes,  4AS. 

Lakes,  position  of,  68;  Alpine,  76 ; 
general  account  of,  177  to  191; 
those  of  Sweden  subject  to  earth- 
quakes, 349. 
•Lancashire  moors,  rain-faH,  282. 
Land,  59 ;  of  Europe  and  Asia,  66; 
of  Africa  and  America,  67;  of  Aus- 
tralia, 68 ;  animals,  366 ;  plants, 
in  Silurian  rocks,  386. 
Land  and  sea  breezes,  250. 
Land  springs,  214. 
L^d69,  sand  hills  of,  164,  468. 
Language,  an  important  considera- 
tion in  determining  race,  441. 
Languedoc,  106. 
Lapiilffl,  or  Toloanio  dust,  321. 
Lapland,  earthquake  band  including, 

349. 
La  Plata  river,  167 ;  earthquakes  in 

the  basin  of,  355. 
Las  Trincheras  springs,  226. 
Latham,  Dr.  !R.  &.,  his  classification 

of  races  of  men,  441. 
Latin  races  influenced  by  the  0oths, 

446. 
Laur,  M.,  on   Califomian  springs, 

225. 
Laurels,  home  of,  367. 
Laurentian  schists,  45. 
Lava,  sub-aqueous,  38;    eruptions 
of,  322 ;  stream  of  from  Heela, 
332. 
>Lead,  ores  of  in  limestone,    52 ; 
found  in  water,  225. 
Lebanon,  glacier  indications,  209. 
Leeambje  river,  193. 
Leeds  rain-fall,  283. 
Leicester  rain-fall,  283. 
LeUnga  river,  185. 
Lena  river,  114, 174. 
Length  of   axis  of  lands  of  Old 

World,  63. 
Lepidodendron,  411. 
..Lepidotus,  fossil  fish  so  called,  422. 
Xieuk  springs,  21 6. 
Lias,  48. 


Lichens,  364 ;  home  o^  367. 
Lido,  the,  179. 

Life,  a.  result  of  force,  20 ;  how  re- 
lated to  forms  of  force,  29 ;  suc- 
cession,^ of,  34 ;  indications  of  in 
all  stratified  rocks,  43 ;    of  the 
earth,  its  nature,  54 ;  its  relation 
to  air,  245 ;    destruction  of  dur- 
ing earthquakes,  346 ;  co-existent 
with  the  universe,  361 ;  universal, 
384 ;  laws  regulating,  438 ;  dura- 
tion of,  450. 
Light,  an  undulation  of  atoms,  24 ; 
its  waves  different  from  soimd- 
waves,  24 ;  its  absorption  in  pass- 
ing through  air,  238 ;  action  of 
atmosphere  on,  248. 
Lightning,  261,  264. 
Lignite  erupted  from  a  mud  vol- 
cano, 338. 
Lime,  salts  of  iu  water,  218,  223 ; 
found  in  the  atmosphere,  234. 

Limestones,    metamorphosed,    52 ; 
springs  from,  215. 

Limits  of  land  and  water  indeter- 
minate, 76. 

Limits  of  an  earthquake,  349. 

Limits  of  certain  kinds  of  vegetable 
life,  338. 

Lincolnshire,  effects  of  the  drainage 
of  its  fens  on  climate  of,  430. 

Line  of  no  variation,  31. 

Line  of  coast  important,  64. 

Linear  volcanoes,  343. 

Lipari  islands,  327. 

Lippe  river,  163. 

Lisbon  earthquake,  effect  on  springs 
226 ;  range  of,  348,  357. 

Lithium,  salts  of  in  water,  218j  not 
rare  in  miaeral  waters,  223. 

Little  Bussia,  steppes  of,  112. 

Liverpool  rain-fall,  283. 

Livingstone,  Dr.,  188,  193. 

Lizards,  distribution  of,  399. 

Llanos,  of  the  Orinoco,  99,   117; 
proper,  118. 

Local  winds,  256. 

Loehs,  Scotch,  181. 

Lodal  glacier,  208. 

Lodes  or  metallic  veins,  36. 

Lodora  springs,  contents  of,  22S. 
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Xofty  plains  or  plateaux,  104. 

lioire  riTer,  163. 

Jjombardy,  164;  ice  marls  in  plains 

of,  208 ;  irrigation  in,  434. 
Xooming,  243. 
Loe  Pastos,  knot  of,  99;  plateau  of, 

111. 
Loughs,  Irish,  181. 
Low  archipelago,  coral,  71. 
Low  barometer,  usual  at  the  equator, 

256. 
Low  plains.  111. 
Loxas,  knot  o^  98. 
Lucerne,  lake,  181. 
Luchon,   sulphur  waters   of,   220; 

horacic  acid  at,  221 ;  its  springs 

hotter  after  an  etu-thquake,  226. 
Lu9on,  72. 
Lugano,  lake,  182. 
Lunar  iixfluenoe  on  weatfcr,  312. 
Lringem-see,  181 ;  drainage  of,  463. 
Luzon,  iutense  earthquake    action 

at,  350. 
Lybian  desert,  115. 
LyeU,  Sir  C,  his  theory  of  volcanoes, 

341. 
Lyons,   broken   water  in   &ulf  of, 

147 ;   Grulf  of,  164  ;    earthquake 

band  reaches,  349. 


M. 

Maohabbodus,  443. 

Mackenzie  rirer,  174, 189. 

Mackerel  sky,  273;  marks  change 
of  weather,  306. 

Macqueen,  Capt.,  E..!N.,  description 
of  the  sea  during  a  cyclone,  261. 

Madagascar,  its  coral  reef,  71  ; 
mountains  of,  93 ;  vegetation  of, 
375 ;  inhabitants  of,  their  analo- 
gies, 441. 

Madeira,  135 ;  earthquake  band  in- 
cludes, 349. 

Malar  lake,  184. 

Maelstrom,  147. 

Magdalena  river,  delta  of,  99;  ac- 
count of,  168. 

Magellan  Straits,  snow  Une,  197. 

Maggiore,  lake,  182. 


Magnesia,  salts  of  in  water,  218, 224;. 
in  the  atmosphere,  234. 

Magne&ian  rocksj  52. 

Magnesium,  13. 

Magnetic  axis,  of  the  earth,  30. 

Magnetic  intensity,  changes  in,  82. 

Magnetic  metals,  31. 

Magnetic  needle,  phenomena  of,  80^ 
31. 

Magnetic  storms,  32,  258 ;  signs  of 
bad  weather,  311. 

Magnetism  produced  by  electricity^ 
29  ;  of  iron,  30 ;  of  other  metals,, 
31. 

Magnets,  their  various  uses,  31. 

Magnitude,  of  the  earth,  4;  of  waves, 
147. 

Main  equatorial  current,  153. 

Maine  river,  163. 

Maize  not  known  in  an  uncultivated 
state,  449. 

Malacca,  form  of,  65;  mountains,  91. 

Maladetta,  Mount  (Pyrenees),  81. 

Malaria,  common  near  lakes,  191. 

Malay  peninsula,  a  part  of  the  In- 
dian Archipelago,  72 ;  volcanoes 
of,  332 ;  type  of  races,  441. 

Millar  lake,  184. 

Malayan  Sea,  136. 

Maldives,  coral  group,  71 ;  general, 
account  of,  72. 

Males,  more  bom  than  females,  449. 

MaUet,  Mr.,  his  report  on  earth- 
quakes referred  to,  326,  350- 

MsJta,  curious  result  of  iliggmg 
through  the  roof  of  a  cavern  in,. 
470. 

Malva,  plateau,  107, 114. 

Malvern  hills,  102. 

Mammalia,  extinct,  432. 

Mammals,  distribution  of,  403;  ibi^- 
sil,  chiefly  in  tertiary  rocks,  431. 

Manasa,  lake  of,  107. 

Manatee,  habit  of,  385. 

Man,  introduction  of,  333 ;  earlf 
indications  of,  433  ;  his  influence' 
on  inanimate  nature,  451. 

"Man  and  Nature,"  Mr,  Marsh's 
work  on,  451. 

Manganese  and  its  oxide,  in  voter,. 
218,  225;  in  the  air,  234. 
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JUCanitonlin  islands,  190. 

Maraoaybo,  lake  of,  99. 

Maranoii  river,  sources,  96  j  aocount 
of,  168. 

Mare's  tail  sky,  273. 

Marine  animalB,  distribution,  383; 
saurians,  425. 

Marine  current,  influence  of  on  cli- 
mate, 299. 

Marine  vegetation,  379. 

-Maritime  Alps,  80. 

Marne,  Huns  on  the,  128. 

Marquesas,  134;  volcanic,  333. 

Marram,  the  English  name  of  Arv/a- 
do  arenaHat  469. 

.  Mars,  its  ice  cap,  212. 

^Xarsh,  Mr.,  his  work  on  "Man  and 
Nature,"  451. 

Marsupial  quadrupeds,  405. 

Mass  of  the  ea<rth,  4 ;  of  the  sun, 
6  ;  of  the  air,  234. 

Masses  of  land  of  different  axial  di- 
rection, 65. 

Material  elements  of  the  earth,  10. 

Matter,  wide  extension  of,  3 ;  how 
present  on  earth,  11. 

Mauna  Loa  (crater),  295 ;  account 
of,  319. 

Maundav,  Capt.,  quoted,  on  mirage 
in  India,  242. 

Mauritius,  72;  recently-extinct  birds 
of,  442. 

-Maury,  Capt ,  on  the  density  of  wa- 
ter, 142  ;  on  winds,  255. 

Maximum  of  cold,  291. 

Mayence,  163. 

Mean  annual  temperature,  method 
of  obtaining,  290 ;  that  of  Eng- 
land increasing,  302. 
-Mean  temperature  of  earth's  sur- 
face, 291. 

-Measurements  adopted  in  this  vo- 
lume, 59. 

Mechanical  force  of  storm  waves, 
147. 

Mechanical  origin  of  volcanoes,  340. 

Mediterranean  Sea,  its  coast  com- 
plicated, 66 ;  general  account  of, 
132, 136;  specific  gravity  of  water 
of,  140  ;  loss  by  evaporation,  151; 
4rainage  of,  164;  rain-fall  of,  282; 


volcanic  area  of,  326;  earthquakes 
of,  355  ;  flora  of  its  coast,  377  ; 
human  races  on  the  coast,  444. 

Medusa,  smallness  of  material  par- 
ticles in  its  body,  245 ;  habits  of, 
392. 

Megallchtbys,  422. 

Megalosaurus,  427. 

Memel  river,  162. 

Menam  river,  172. 

Mer  de  G-lace,  207. 

Merciuy  solidifies  when  cold,  12. 

Mesozoic  rocks,  46. 

Messina,  mirage  in  Straits  of,  242 ; 
loss  of  life  in  earthquake  of,  346. 

Metalliferous  minerals,  36. 

Metals,  most  important,  15;  good 
conductors  of  heat,  23 ;  relative 
conductive  powers,  23 ;  magnetic 
and  dia-magnetic,  31 ;  indicated 
during   combustion   by   spectral 


Metamorphic  rock,  springs  near,215. 

Metamorphosis,  51. 

Meteorites,  7. 

Meteorologist,  wort  of  the,  312. 

Meteors,  2,  7 ;  seen  during  storms, 
262,  266. 

Mexican  Giilf,  133. 

Mexico,  mountains,  93 ;  plains,  94, 
109 ;  plateau,  111 ;  contents  of 
springs,  225 ;  periodical  winds, 
254;  northern  part  almost  rain- 
less, 284 ;  volcanoes,  326 ;  mud 
volcanoes  of,  339 ;  destruction  of 
life  in  an  earthquake,  346 ;  earth- 
quake of,  350 ;  limits  of  pahn  on 
its  mountains,  367 ;  flora  o^  374; 
its  native  tribes  Mongolia,  442. 

Michigan,  lake,  190. 

Migration,  dependent  on  geographi- 
cal position,  123;  of  plants,  under 
circumstances  now  impossible^ 
368 ;  of  insects,  396 ;  of  men, 
limited  to  certain  races,  448. 

Mile,  British  statute  and  geogra- 
phical, the  former  employed  in 
this  work,  59. 

Mincio  river,  182. 

Mindanao,  volcanic  belt  indndingy 
350. 
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Slineral  acids  in  thermal  springs, 
218. 

IVIiucral  springs,  215;  contents  of, 
218. 

Mineral  veins,  36. 

Minerals  that  make  up  rocks,  84. 

Mines,  changes  on  surface  produced 
by  working  them,  471. 

Mirage,  common  in  the  desert,  115; 
general  account  of,  241;  indicative 
of  change  in  weather,  306. 

Mississippi,  low  plains  crossed  by, 
117  ;  stream  of,  160  ;  river,  169  ; 
earthquake  shocks  in  valley  of, 
«45,  351. 

JUUssouri  river,  117,  169 ;  earth- 
quakes in  valley  of,  351. 

Mist,  how  produced,  270;  its  con- 
version into  cloud,  280. 

Mistral,  increase  of  near  the  mouth 
of  the  Ehone,  when  the  Cevennes 
forests  were  removed,  435. 

Mixture,  not  combination,  16. 

Mixture  of  gases  in  atmosphere,  235. 

Mixture  of  races,  examples  of,  444. 

Mobile  river,  170. 

Mock  suns,  274. 

Mode  of  action  of  forces,  20. 

Modena,  change  of  climate  owing 
to  the  removal  of  forest,  455. 

Moguls,  as  a  pastoral  people,  123. 

Moist  climate,  advantage  of,  297i 

Moisture,  its  influence  on  climate, 
290,  305. 

Mojave  mountains,  125,  126. 

Moldau  river,  162. 

Molecular  change  produced  by  force, 
29. 

Molecular  transfer,  rate  of  in  various 
bodies,  23. 

Molluscs,  distribution  of,  390;  fos- 
sil, 415. 

Moluccas,  their  quadrupeds,  405. 

Mongolian  deserts,  123. 

Mongolic  races,  440  ;  type  of,  441 ; 
do  not  admit  of  high  civilisation, 
448. 

Monkeys,  fossil,  433. 

Monocotyledons,  364. 

Monongahela  river,  169. 

Monsoons,  253. 


Mont  Blano  (Alps),  79;  height  o{ 
determined  by  boiling  point  of 
water,  237 ;  boulders  &om,  257. 

Monte  Cormo  (Apennines),  84. 

Monte  Nuovo,  330. 

Monte  Eosa  (Alps),  79. 

Monte  Volture  (Apennines),  327. 

Monthly  isothermals,  290. 

Moutlufon,  spring  at,  21S. 

Moon,  its  position  in  space,  4 ;  dis- 
tance and  magnitude,  5 ;  effect  of 
its  rays  in  cooling  the  earth,  238; 
cause  of  its  partial  illumination, 
239 ;  influence  of  on  earthquakes, 
356. 

Moraines,  204. 

Moral  sense  of  races  of  men  differ- 
ent, 449. 

Morave,  river,  165. 

Moravia,  lakes,  183. 

Morocco,  earthquake  band  includ- 
ing, 349. 

Mortality  among  men  increased  by 
a  wide  thermometer  range,  292; 
of  males  greater  than  females,  449. 

Morumbidgee  river,  173. 

Moselle  river,  163. 

Mosquito  country,  mountains  of,  96. 

Mosses,  364 ;  home  of,  367. 

Mosul,  earthquake  band  induding^ 
350. 

Motion,  not  limited  to  masses,  3; 
results  o^  3  ;  of  matter  in  space, 
3 ;  of  earth  affected  by  moon  and 
planets,  7  ;  produces  heat,  21  ; 
light  as  a  form  of,  24 ;  of  atoms 
producing  waves,  25  ;  produced 
by  electricity,  28 ;  chemical  action 
a  form  of,  28;  vital  energy  a  form 
of,  29,  361 ;  of  glaciers,  204 ;  of 
the  air,  241 ;  of  clouds,  277. 

Motive  power,  in  electricity,  24. 

Mount,  Argseus  (Armenia),  87 ; 
Brown  (Eocky  Mountains),  95; 
Cook  (New  Zealand),  100;  Di- 
nara  (Alps),  83 ;  Egmont  (vol- 
cano), 333;  Slburz  (Caucasus), 
86,330;  Ehas  (Kocky Mountains), 
95,134;  Everest  (Himalaya),  88} 
Fareweather  (Rocky  Mountains), 
95;  Guioma  (Pindus),82;  Hooker 
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(Kooky  Mountains),  95,  172; 
Koseiiisko  (Australia),  100  ;  Ma- 
ladetta  (Pyrenees),  81  ;  Mauua 
Loa  (Sandwich  Islands),  319 ; 
PUatus,  273;  Sinai,  91;  Tatra 
(Carpathians),  78. 

Mountain  axis  of  America,  69. 

Mountain  chains,  mark  axis  of  laud, 
65  ;  sources  of  rivers,  159 ;  affect 
distribution  of  winds,  251;  divide 
weather,  804;  are  natural  bar- 
riers, preventing  migration  of  ani- 
mals, 395. 

Mountain  lakes,  account  of,  17  ; 
their  removal  affects  climate,  463. 

Mountain  slopes,  70. 

Mountain  systems,  77. 

Mountains,  account  of,  77 ;  as  dis- 
tinguished from  hills,  101. 

Mozambique  current,  154. 

Mud  volcanoes,  336. 

Muley  Hacjen  (Spain),  85. 

Mull,  island  of,  rain-faU,  282. 

Multilocular  shells,  393. 

Murohison  falls,  194. 

Murray  river,  173,  189. 

Mussels,  distribution  of,  416. 

Mustakh,  glaciers  of,  207. 

Mylne,  Mr.,  on  Scottish  earthquaies, 

.     354. 

jMyrtles,  home  of,  367. 

JVIysore,  plains  of,  111. 


Naples,  Bay  of,  blue  grotto  in,  169. 
Nari,  107. 

Sarrows  of  Bemini,  152. 
Jfatchez,  a  race  of  Mongol  origin, 

442. 
Kative  sulphur,  220. 
J^'atural  combinations  of  elements, 

13. 
Natural  provinces,  409. 
Nature,  human  influence  on,  451. 
Navigator  island,  134. 
Nea  Kaimeni,  830. 
Neckar  river,  163. 
.Negro  head,  its  facial  angle,  439; 

pelvis,  440. 


Negro  races,  their  history,  438. 

Negro  type  of  men,  442. 

Nepaul  valley,  88. 

Neris,  water  of,  215. 

Netherlands,  163. 

Neuehatel  lake,  182. 

Neuralgia  prognosticates  change  ot 
weather,  308. 

Neusiedler-see,  183. 

Neutral  points  in  the  atmosphere, 
247. 

Neva  river,  162. 

Neve,  203. 

New  Britain,  134. 

New  Caledonia,  its  coral  reef,  71. 

New  Granada,  Andes  of,  96;  ancient 
glaciers  of,  208. 

New  Guinea,  72  ;  mountains,  100  ^ 
part  of  a  great  mountain  chain, 
134;  volcanoes,  338;  native  tribes 
Mongols,  441. 

New  Hebrides,  72, 134. 

New  Ireland,  72, 134. 

New  red  sandstone,  fossils  o^  429. 

New  Siberia,  open  sea  in,  201. 

New  Zealand,  the  centre  of  a  water 
hemisphere,  60  ;  account  of,  72 ; 
mountains,  100 ;  glaciers,  100, 
208 ;  part  of  a  great  mountain 
chain,  134;  volcanoes  of,  833; 
fossil  birds  of,  429. 

Newfoundland,  135  ;  gulf  stream 
passes,  152  ;  time  taken  by  a  cy- 
clonic storm  in  reaching  it  from 
Barbadoes,  260. 

Ngami  lake,  193. 

Niagara,  river,  190 ;  falls,  194. 

Nicaragua  lake,  191. 

Nickel  in  water,  218,  225. 

Nicobar  islands,  volcanoes  o^  332. 

Niemen  river,  161. 

Niger  river,  167. 

Nile,  its  sources,  158  ;  river,  166 ; 
connected  with  the  great  lakes, 
188 ;  earthquake  baud  through 
basin  of  lower,  350. 

Nimbus  clouds,  275. 

Nitrates  of  potash  in  mineral  waters, 
223. 

Nitric  acid,  in  water,  218;  in  the 
atmosphere,  234. 
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Kitrogen  gaa,  14 ;  in  spring  waters, 
219 ;    foi-ma   part   of  the   atmo- 
sphere, 233. 
Nitrous  acid  in  water,  220. 
Noises  accompanying  earthquates, 

346. 
Norfolk,  raiu-fall,  283. 
Noric  Alps,  80. 
Norrska  Fjellen,  84. 
North    America,    coast    lino,    67  ; 
plateau,  109  ;  lakes,  189 ;  earth- 
quakes, 355. 
North-east   and    north-west    mon- 
soons, 254. 
North-east  winds,  their  properties 
in  England,  294;  in  America,  295. 
North   Pacific,   specific  gravity   of 

the  waters  of,  140. 
North  Polar  Sea  connects  the  At- 
lantic and  Pacific  Oceans,  132  j 
open  water  in,  201. 
North  Sea,  state  of  the  water,  141. 
North-west  passage,  60,  64. 
North-west  monsoons,  254. 
Northern  Asia,  glaciers,  208j  Arctic 

vegetation  of,  378. 
Northern  Atlantic  basin,  135. 
Norway,  waterfalls,  192 ;  snow  line, 
197 ;   glaciers,   208  ;    earthquake 
band  of,  349  ;  races  of  men,  444. 
Nova  Zembla  glaciers,  208. 
Nubians,  a  negro  group,  443. 
Number,  of  volcanic  vents,  325 ;  of 

earthquakes,  352. 
Nyanza,  lakes,  179. 
Nyassa,  lake,  180. 


Oases  in  the  desert,  115. 
Oaze,  the  Atlantic  mud,  137. 
Obi  river,  114,  173. 
Obscuration  of  the  sty,  ft  sign  of 

weather  change,  307. 
Ocean,  general  account  o^  131  to 

155. 
Ocean  floor,  knowledge  of,  129. 
Oceanic  basins,  134. 
Oceans,  determined  by  protuberance 

of  land,  62. 


October  to  March,  times  of  heaviest 

rain-fall  in  England,  283. 
Oder  river,  161. 
Odoriferous  secretion  &om  glands 

in  the  skin  of  negroes,  440. 
Ohio  river,  169. 
Oil,  springs  of,  222. 
Okeohobee  lake,  190. 
Okhotsk,  Sea  of,  89,  136. 
Old  red  sandstone  glaciers,  212. 
Olotte,  springs,  216. 
OneK",  lake,  184. 
Ontario,  lake,  190. 
Oolitic  jilateuu,  100. 
Oolitic   rocks,  48  ;    vegetation  on, 

412. 
Opposing'  winds,  result  of,  296. 
Orange  river,  jilateau  of.  111 ;  ac- 
count of,  167. 
Orcljids  of  Java,  370. 
Order  of  stratified  rocks,  44. 
Oregon  mountains,  95. 
Oregon  river,  great  basin  of,  109 ; 
account  of,  173.  , 

Ores  of  iron  in  limestone,  52. 
Organic   acids   in   mineral   waters, 

218. 
Organic  contents  of  rocks,  44,  390. 
Organic   matter,  in  springs,  225  ; 

in  volcanic  dust,  340. 
Organic    remains,    in    rocks,    44 ', 

erupted  from  volcanoes,  340. 
Origin,  of  water  supplies,  230 :   of 

tjie  human  race,  437. 
Oiinooo,  sources  of,  96 ;  plains  near, 
118,  1 21 ;  connected  with  Ama- 
zons by  natuial  canals,  159 ;  ac- 
count of,  168;  winds  of  valley 
of,  255. 
Oscillations  of  atoms,,  simple  or 
compound,  24.  i 

Oscillations  of  barometer,  235, 
Ostud-foss,  waterfall,  193. 
Ouse  river,  163. 
Outline  of  Europe;  66. 
Owhyee  (Hawaii),  319. 
Oxus  river,  175 ;  source  of,  186. 
Oxygen  gas,  13 ;  present  in  minend. 
waters,  219;   forms  part  of  the 
atmosphere,  233. 
Casters,  distribution  of,  392. 
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Ocone,  its  effect  on  the  air,  26;  ren- 
ders air  opaque  to  heat,  26;  ac- 
eount  of,  297;  its  influence  on 
weather,  303, 309. 


Paciito  OcbaQ,  islands  of,  72;  gene- 
ral account  of,  133 ;  bottom  of, 
138 ;  saltness,  139 ;  its  currents, 
147 ;  trade  winds  of,  255 ;  toI- 
oanic  band  of,  326 ;  reptiles  of, 
386 ;  South,  confervee  in,  380 ; 
mud  of,  composed  of  forammifera, 
413. 

Pack-ice,  200. 

Falseontology,  its  meaning,  33,  407. 

Falffiotherium,  431. 

Paleozoic  rocks,  46. 

Palestine,  earthquakes  in,  350. 

Palgrare,  Mr.,  bis  account  of  the 
Arabian  desert,  115;  account  of 
a  sand  storm,  257. 

Pallas,  his  account  of  the  eruption 
of  a  mud  Tolcano,  337. 

Palms,  home  of,  367 ;  value  o(  in 
checking;  the^tdvance  of  sand,  466. 

Pamir,  If/j,  18B, 

Pampas.  119 ;  na'ave  tribes  of  Mon- 
gol origin,  44S. 

Pamperos,  259. 

Panama,  isthmus,  95. 

Pandauus,  a  characteristic  tree,  372. 

Pangong  lake.  186. 

Pantelleria,  island  of,  328. 

Papuans,  a  mixed  race,  445. 

Para  river,  168. 

Paraguay  river,  167. 

Param/js,  or  &ozen  plains  of  the 
Andes,  96. 

Parana  river,  167. 

Parhelia  (mock  nuns),  274t, 

Paris,  built  of  fossil  foiaminifeim, 
413. 

Pimna,  change  of  climate  owing  to 
removal  of  forest,  456. 

Paroxysmal  nature  of  earthquakes, 
362. 

Pasco,  knot  of,  98. 


Passes  of  the  Alps,  79. 

Paste  volcano,  its  eruptions,  346. 

Patagonia,  islands  of,  72 ;  Andes  ol^ 

97 ;    steppes,  110 ;   plains,  119 ; 

volcanoes,  333 ;  native  tribes  of  a 

Mongol  rate,  442. 
Fatemo,  bitumen  in  basalt  in,  222 ; 

mud  volcano,  337. 
Path  of  a  storm,  its  rate,  260. 
Fatos  lake,  191. 
Fatrington,  rain-fall,  283. 
Pawnees,  of  Mongol  origin,  442, 
Peaks  of  the  Alps,  79;  of  the  Hinia- 

layans,  88  ;  of  the  Andes,  98. 
Peculiarities,   characteristic  of  llio 

different  human  races,  439. 
Pegu,  volcanic  girdle  including,  350, 
Fdagic  islands,  73. 
Pelvis,  its  shape  and  varieties,  440. 
Penguins,  habits  of,  383. 
Fentacrinites,  fossil,  414. 
Periodic  changes  of  climate,  314. 
Feriodicalrains,  281. 
Periodical  winds,  254. 
Periodicity,   of   weather,   311  j    of 

earthquakes,  356. 
Permanence,  of  clouds,  279;  of  races 

of  men,  439. 
Permanent    races,  not  productive 

where  the  difference  of  blood  i* 

great,  444. 
Permanent  winds,  255. 
Permian  period,  rocks  o^  47;  glacial 

action  during,  212. 
Perpendicular  earthquakes,  346. 
Perpetual  snow,  line  of,  202. 
Ferrey,   Professor,  on  distribution 

of  earthquakes,  351. 
Persia,  mountains,  87  ;  table  lauds, 

106 ;  desert,  107  ;  deserts  almost 

rainless,  284;  earthquakes  of,  SCO; 

yields  severai  fruits  cultivated  in 

England,  377;  native  inhabitants, 

Persian  »ulf,  133, 145, 171. 

Perthshure,  small  earthquakes  rn,S5& 

Petrel,  habit  of,  385. 

Peru,  Andes  of,  96,  98  ;  snow  lute, 
197  ;  rainless  district  in,  2S4s 
volcanoes,  333  ;  native  inhabi- 
tants, 442. 
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Petohora  rirer,  178. 
Petersburg,  snow  at,  198. 
Petshs  mountam,  90. 
Phillippine  Islands,  134;  volcanic, 

333. 
Phlagrean  fields,  329. 
Phoenicians  belongeil  to  the  Kegro 
type,  443;  an  extinct  people,  445. 
Phosphoric  acid  in  w&ter,  218. 
Phosphorus,  16  ;  in  mineral  waters, 

221. 
Physical  features  of  the  e&rth,  63. 
Physical  forces,  account  of,  19 ;  ex- 
erted in  evaporation  and  conden- 
sation of  rain,  285. 
Physical  geography,  definition,  1. 
Physics,  importance  in  physical  geo- 
graphy, 30. 
Piazza  Torre,  devastation  of  wood 

changing  the  climate  at,  455. 
Pilatus  Mount,  clouds  on,  273. 
Pindus  chain,  83. 
Pine  barrens,  116. 
Pines,  home  of,  367 ;  limit  of,  368. 
Plains,  68;  elevated,  104 ;  low.  111. 
Planets,  2. 
Planting,  agreat  protection  to  dunes, 

469. 
Plata,  La,  its  tributaries  cross  the 
Pampas,  119 ;  colour  of  water  at 
its  mouth,  145 ;  estuaiy  and  river 
of,  167. 
Plateaux,  63, 104. 
Platinum,  a  bad  conductor  of  elec- 
tricity, 23. 
Platten-see,  183. 
Plesiosaurus,  425. 
Pliosaurus,  425. 

Plombi^res  springs,  contents  of,  220; 
oonfervffi  at,  224;  change  in  mi- 
neral contents  of  water,  229. 
Po,river,165,207;  Huns,  on  the,  123. 
Poland,  162 ;  earthquakes  in,  349  ; 

native  inhabitants,  444^ 
Polar  current,  153. 
Polar  forces,  meaning  of,  30. 
Polarisation  of  flight,  246. 
Polarising  angle  of  air,  246. 
Poles  of  the  earth,  3  ;  of  cold,  201. 
Polynesians,  their  place  in  classifica- 
tion, 441. 


Pompeii,  329. 

Ponds,  178. 

Pontchartrain  lake,  191. 

PoDza  islands,  391. 

Poole,  178. 

Popavan,  plateau  of.  111 ;  springs 

of,  225. 
Popocatepetl  (volcano),  334. 
Population  of  the  world,  449. 
Poroo,  knot  of,  98. 
Porphyry,  its  nature.  38;  origin  o^ 

53. 
Portugal,  plateau  of,  106. 
Position  geographical,  affecting  cli- 
mate, 295 ;  of  volcanoes,  326. 
Potash,  rare  in  water,  223 ;  in  the 

air,  234. 
Potash  salts,  in  mineral  water,  218. 
Potassium,  13. 
Potomac  river,  170. 
Potosi,  knot  of^  98;  account  o(  110. 
Potsherds,  vast  multitudes  round 

old  cities,  471. 
Prairies,  116. 
Pressure,  in  deep  water,  147;   of 

large  waves,  147. 
Pressure  of  the  air,  233 ;  an  element 

of  cUmate,  294. 
Prismatic  spectrum,  24 ;  as  seen  in 
the  higher  part  of  the  atmosphere, 
247. 
Prognostications  of  weather,account 
of,  804 ;  only  possible  a  short  pe- 
riod  in  advance,  312. 
Protozoa  fossil,  412. 
Protuberance  of  land,  61. 
Provinces,  of  marine  vegetation,  379; 
natural  in  zoology  and  botany, 
409 ;  geological,  483. 
Pruth  river,  165. 
Pseudo-volcanic  phenomena,  335. 
Pterichthys,  a  remarkable  fossil  fish, 

421. 
Pterodactyl,  426. 
Pullna,  inagnesian  salts  at,  224. 
Purity  of  ice,  200. 
Putrid  sea,  how  produced,  338. 
Pyajiirvi  lake,  184. 
I^ramidal  form  of  land,  65. 
Pyramids,  the,  built  of  fossil  for»- 
minifera,  418. 
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Pyrenean  chain,  78,  81 ;  is  part  of 
the  rim  of  the  Atlantic  basin,  135 
rivers  from,  164 ;  lakes  on,  183 
boracic  acid  in  springs  of,  221 
influence  of  earthquakes  in,  226 
Tarieties  of  quantity  of  water  from 
springs  of,  228. 


QnADBUPEDS,  distribution  of,  403  ; 
extinct,  432. 

Quantity,  of  water  issuing  from  mi- 
neral springs,  216;  of  rain-fall, 
287  ;  of  heat  received  on  the 
earth,  292. 

Quantock  hiUs,  104. 

Quarrying  of  granite,  36. 

Quito,  ^des  of,  96;  table  land, 
110;  volcanoes,  333;  great  earth- 
quake at,  3^. 

Quorra  river,  167. 


llAAB,  165. 

Kadiant  power  beyondthe  spectrum, 
24. 

Badiata,  fossil,  414. 

Badiation,  of  heat  from  aqueous 
vapour,  27,  268 ;  of  motion  &om 
the  earth,  30 ;  its  general  results, 
246 ;  of  heat  through  clear  air, 
236 ;  affected  by  moisture  in  the 
air,  249. 

Haguea,  earthquakes  at,  357. 

fiain,  absence  of  in  South  America, 
98  J  quantity  entering  the  earth, 
230;  involves  electrical  change, 
281 ;  without  cloud,  286 ;  quan- 
tity of  fall,  296;  announced  by 
halos,  306. 

£ainbow,  244. 

Bain-clouds,  275. 

Bain-fall,  how  soon  it  affects  a  river, 
160 ;  in  various  places,  281 ;  to- 
tal on  the  earth,  285  ;  in  its  rela- 
tion to  climcte,  296 ;  sometimes 
oontinuous  over  a  large  area,  304; 
influence  of  forests  on,  456. 


Bainless  region',,  2Si'. 

Bainy  seasons,  284. 

Bange  of  temperature,  an  element 

of  climate,  292. 
fiange  of  thermometer,  292. 
Bate  of  conduction  of  metals,  23. 
Bate  of  travel  of  sound,  245. 
Bate  of  wind  during  storms,  258. 
Bavanabrada,  level  at  lake  of,  107. 
Bavenna,   effect  of  removing  pine- 
forests  of,  455. 
Bawliiis,  ship,  its  log  during  a  storm,. 

261. 
Bay,  its  appearance,  387. 
Bays  of  the  sun,  maximum  effect. 

of  on  the  earth,  240. 
Beconstructed  rocks,  51. 
Bed  colour  of  the  atmosphere,  cause- 

of,  278. 
Bed  crag  and  its  contents,  432. 
Bed  river,  169. 

Bed    Sea,    mountains    parallel    its- 
coast,  93  ;  opens  from  the  Indian 
Ocean,  133  ;  density  of  its  water^ 
140 ;    its  colour,  145  ;    evapora- 
tion from,  151;  volcanoes  of,  330; 
earthquakes  of,  350 ;  conferva  in^ 
380. 
Beflection  of  light  in  the  air,  240. 
Be&action  irregular,  115;  its  nature 
generally,  239,  241;  double,  246  r 
irregular,   a    sign  of    change  of 
weather,  306. 
Begelation,  property  of,  205. 
Begen  river,  165. 

Begions,  botanical,  366 ;  of  msrin»' 
vegetation,  379 ;  of  depth  in  dis- 
tribution of  animals,  383. 
Beid's  "Law  of  Storms,"  263. 
Bennel's  current,  153. 
Bepresentative  forms  of  plants,  36S. 
Bepresentative  quadrupeds  of  South. 

America,  ^6. 
Beptiles,  distribntipn  of  marine  spe- 
cies, 386  ;  land  species,  397 ;  ab- 
sence of  in  certain  islands,  400;. 
fossil,  424. 
Besiuous  substances  in  water,  Zi.9. 
Betum  currents  of  cold  water,  151- 
Beuss  river,  181. 
BevvJlegigedo  island,  135. 
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(Revolution,  of  pliinets,  3;   of  the 

earth,  6 ;  of  a  storm  on  its  axis, 

629. 
Bheumatisin,prognosticates  weather 

change,  308. 
Bhine  yalley,  125 ;  river,  162 ;  falls 

of  the,  192  J  fed  by  glaciers,  207; 

extinct  volcanoes  of,  342 ;  basin, 

earthquakes  of,  355. 
Bhododendrons,  home  of,  367 ;   li- 
mit of,  368. 
Bhone,^    river,    164 ;    valley,    ice- 
scratches  in,  206. 
iRhynchonella,  distribution  of,  415. 
Hhynchosaurus,  426. 
Biesengebirge,  162. 
Bigidity  of  earth's  crust,  10. 
Bimini,  sulphur  near,  220. 
Bink,  Dr.,  his  account  of  icebergs, 

210.  ^ 

Bio    (river)  'Bambo,    earthquakes 

of,  345;  Bravo  del  Norte,  169; 

Grande,  169;  Negro,  118,  168; 

Vinagre,  sulphuric  acid  at,  220. 
Bipon  &lls,  194. 
Bipple,  146. 

Biukan-fos  (wateriall),  193. 
BiverBystems,generalaecountof,156. 
Bivers,68,69;  traversing  the  steppes 

of  Asia,  111. 
Boanoake  river,  170. 
Boches  moutonnto,  206,  209. 
Bock  oil,  springs  of,  222. 
Bocli  salt,  diathermic,  26. 
Bocks,  succession  of,  34. 
Bocky   Mountains,   slopes  of,  74; 

part  of  a  great  axis,  78 ;  account 

of,  94;   rivers  proceeding  from, 

169 ;  earthquakes  in,  350. 
Bomons,  their  influence  on  G-reek 

civilisation,  446. 
Bome,   snow    at,   198 ;     volcanoes 

near,  327. 
Boss,  Capt.,  bis  nearest  approach 

to  the  South  Pole,  202. 
Boyal  Charter  storm,  266. 
Bubidium  oxide,  in  virater,  218  ;  in 

mineral  waters.  223. 
Bugendas,  M.,  his  estimate  of  the 

proportion  of  mixed  races  in  South 

America.  44.5. 


Euhr  river,  163. 
Buska  Poyano,  height,  82. 
Buskin's  account  of  rain-clou  !s,276u 
Bussia,  northern,  its  plains,  C3, 105; 
volcanoes,  349;  races  of  m<  n,  444. 


S. 


Saaia  river,  162. 

Sacramento  river,  173. 

Sahara,  or  great  desert  of  .iirioa, 

69;  plain  of,  118;  prevalent  winds 

of,  255  ;  almost  rainless,  284. 
Sauna  lake,  284. 
Sakmara,  table  land  of,  86. 
Salado  river,  pampas  of,  120. 
Salomon  Isles,  134. 
Salses,  335. 
Salt,  quantity  of  in  the  sen,  138 ; 

deposit  in  lakes,  179;    found  in 

petroleum  springs,  222;    ^ibsent 

in  ice,  200;  found  sometiuies  in 

lava  cracks,  340. 
Salt  lakes,  180. 
Saltness  of  the  sea,  138. 
Samen  mountains  (Africa),  93. 
Sand,  its  hea;-retaining  power  as  a 

soil,  454. 
Sand-bills  very  valuable  for  shelter, 

454. 
Sandstone?',   how    metamorphosed, 

51. 
Sand-stom>,  Arabian,  257. 
Sands,  moving,  466. 
Sandwich  Islands,  135  ;    volcanic, 

333 ;  flora  of,  37S. 
San  Juan  river,  191. 
Sanskrit,  its  influence  on  European 

tongues,  444. 
Santa  Fe  de  Bogota,  table  land  o  f,  99. 
Santa  Fe,  170. 
Santo  Domingo,  73. 
Santorin  eruption,  38,  323,  330. 
Sadne  river,  164. 
Sargasso  sea,  154. 
Sarmatian  plains^  105, 112. 
Sarnen-see,  181. 
Sarp-fos  (waterfall),  192. 
Saskatclievan  river,  174. 
Sassuola,  mud  volranoes  of,  33H. 
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Saurians,  marine,  425. 

SaTannah  river,  170. 

SavannaliB,  116. 

Save  river,  165. 

Savoy,  glacieres  in,  211 ;  contents 
of  mineral  springs  in,  220;  mi- 
neral springs  of,  226;  earthquakes 
in,  357. 

Savoy  Alps,  snow  line,  197. 

Saxon  spring  (Valaia),  varieties  of 
mineral  contents,  229. 

Saxon  Switzerland,  104. 

Saxony,  races  of,  441. 

Scanderoon,  Qalf  of,  earthquakes, 
350. 

Scandinavia,  form  of,  65  ;  mountain 
chain,  76,  84 ;  rivers  of,  161 ; 
lakes,  183 ;  glaciers,  207 ;  races 
of  444;  earthquakes,  353. 

Scarborough,  climate  of,  298. 

Scawfell,  glacial  action  in,  209. 

Scenery  of  the  Alps,  75. 

Scents,  effect  of  on  the  air,  25. 

Schafilmusen,  163;  falls  of,  192. 

Scha-lio  desert,  107. 

Scha-mo  desert,  107. 

Schists,  their  nature,  39. 

Schiwfluteh,  volcano,  334. 

Schlangenbad,  mineral  springs  of, 
215. 

Science,  its  objects,  473. 

Scirocco  increased  in  Italy  since  the 
Apennines  were  cleared  of  wood, 
455. 

Scoresby,  Dr.,  on  icebergs,  210 ;  on 
irreftiilar  refraction,  243. 

Scotland,  mountains,  85 ;  plateau, 
108  ;  lakes,  168,  180  ;  ice  marks, 
209 ;  rain-fall,  282  ;  earthquakes 
of,  354 ;  its  flora,  376 ;  effect  of 
planting  in,  456. 

Scratches  by  ice,  206. 

Scrope,  Mr.  Poulett,  his  work  on 
volcanoes  of  Central  France,  341. 

Sculjitured  flints,  437. 

Sea,  Its  state  during  a  cyclone,  261. 

Sea,  of  Azof,  132 ;  of  Marmora,  132. 

Sea  Alps  of  California,  94. 

Sea  anemones,  habits  of,  392. 

dea  breezes,  250.    . 

Stia  horse,  its  habit,  387. 


Sea  water,  138. 

Sea  wave,  magnitude  o^  147 ;  dur- 
ing storm,  260,  264. 

Sea  weeds,  growth  o^  364. 

Seal,  distribution  of,  385. 

Season,  its  meaning,  303;  of  storms^ 
259;  influence  of  on  earthquakes^ 
353. 

Seathwaite  rain-faU,  282. 

Secondary  rocks,  47. 

Segregation,  42. 

SeidHtz  waters,  255. 

Seine  river,  163, 

Seistan  lake,  186. 

Selenium  in  water,  219. 

Senegal  river,  167. 

Sensations,  foretel  weather,  308> 

Serein,  its  nature,  286. 

Sereth  river,  165. 

Serpentine,  fossils  in,  53. 

Serpents,  fossil,  427. 

Servian  races,  444. 

Severn,  river,  163. 

Seychelle  islands,  72. 

Shadow  and  half-shade^  how  pnK 
duced,  239. 

Shadows  of  clouds,  278. 

Shahel  lake,  185. 

Shannon  river,  163. 

Sharks,  fossil,  very  common,  420. 

Shetland,  earthquake  band  includ* 
ing,  349. 

Shire  river,  188. 

Shirwa  lake,  188. 

Shirwan,  earthquakes  o^  350, 

Shooting  stars,  2,  7, 

Shore  Ime,  lengtii  o^  as  compaiedi 
with  area  of  land,  66,  67. 

Shropshire,  rain-faU  in  parts  of,  283,. 

Siam  mountains,  91. 

Siberian  plain,  112 ;  extreme  of  oold< 
in,  291. 

Sicily,  snow  line,  197 ;  Tolconoes,. 
327;  earthquake  baud,349;  earth* 
quake  in,  357. 

Sierra,  de  Cuenca,  85 ;  de  Estrella^ 
85 ;  de  Qnadarrama,  85;  Madi» 
(Mexico),  93 ;  Moreno,  85  ;  Ne- 
vada de  Cochabamba,  98. 

Sierras,  Spanish,  106. 

Sigillaria,  411. 
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Sikkim  Himalaya  moantainB,  88. 

Silex  in  mineral  springs,  219. 

Silica  in  volcamo  dust,  340. 

Silioiaed  wood,  221. 

Silicimn,  15. 

Silurian  rooks,  46 ;  fossil  plants  in, 
411. 

Siluroid  fishes,  422. 

Silvas,  117. 

Silver  in  water,  225. 

Simeto,  bed  of,  337. 

Simoom,  account  of,  257. 

Sinai,  Mount,  91. 

Sioux,  of  Mongol  origin,  442. 

Sir  river,  175. 

Sir-i-kol  lake,  186. 

Skull,  its  form  indicates  difference 
of  race,  439. 

Sky,  its  colovir,  244. 

Slate,  40. 

Slavonic  races,  444. 

Sligo,  rain-fall  in,  283. 

Slopes,  of  mountain  sides  generally, 
and  of  the  Alps,  74;  of  Himalay- 
ans,  78. 

Smoke,  rising  vertically,  a  sign  of 
fine  weather,  307. 

Sniyrna,  volcanoes  near,  330. 

Smyth,  Professor  Fiozzi,  his  obser- 
vation on  cloud,  271. 

Snae  Hatten  (Scandinavia),  84. 

Snails,  distribution  of,  417. 

Snake  mountains,  89. 

Snow,  196. 

Snowballs,  natural,  197. 

Snowdon,  85 ;  ice-marks  in,  209. 

Snow  line,  in  the  Pyrenees,  81 ; 
ill  the  Scandinavian  chain,  84 ;  in 
the  Caucasus,  86 ;  in  the  Andes, 
Altai  mountains.  Atlas  mountains, 
Sicily,  the  Alps,  Norway,  and  tlio 
Arctic  circle,  197 ;  in  the  Antarc- 
tic circle,  201. 

Snowy  mountains  (Mexico),  94. 

Society  islands,  coral  reef  of,  71 ; 
account  of,  134 ;  volcanic,  333. 

Soda,  present  in  mineral  water,  218, 
223  ;  in  the  atmosphere,  234. 

Sodinm,  13. 

^oils,  l^at-retaining  power  of  vari- 
ous kinds,  454. 


Solar  heat,  measure  of  its  influence 
on  the  earth,  248. 

Solar  system,  one  group,  7 ;  account 
of,  8. 

Solfatara,  335. 

Solid  matter  in  the  ocean,  139. 

Solid  matter  removed  from  the  inte- 
rior of  the  earth  by  springs,  219. 

Solidification,  expansion  during,  199. 

Solomon  islands,  72. 

Solvent,  water  a  universal,  218. 

Somerset  river,  194. 

Sound,  phenomena  of,  244. 

Sound  waves,  different  from  light 
waves,  24  ;  rendered  visible,  25. 

Soundings,  deep,  136. 

Sources  of  rivers,  158. 

South  America,  coast  line  of,  67; 
plateaux,  110;  plains,  117;  rivers, 
167j  lakes,  191;  prevalent  winds, 
255;  earthquakes,  350;  flora  of, 
371 ;  its  birds,  401 ;  quadrupeds, 
405. 

South  Atlantic  basin,  135 ;  current, 
154. 

South  Down  hills,  103. 

South  Pacific,  speci^c  gravity  of 
waters  of,  140 ;  ground  swell  in, 
147  ;  confervES  in,  380. 

South  polar  current,  154. 

South-west  monsoons,  253, 

South-west  winds,  their  properties, 
294. 

Southern  hemisphere,  limit  of  snow 
in,  198;  motion  of  the  wind  when 
backing  in  the,  259 ;  climate  }f 
the,  291. 

Southern  trade  winds,  253. 

Spain,  form  of,  65 ;  mountains,  85  ; 
plateau,  105;  river  valleys,  125; 
rivers,  their  character,  160;  mi- 
neral springs,  216 ;  extinct  vol- 
canoes, 342  ;  earthquakes,  354 ; 
races  of  men,  444 ;  its  aridity 
caused  by  absence  of  tbrests,  456. 

Special  floras,  369. 

Species,  natural  death  of,  364;  origi- 
nate at  certain  centres,  382 ;  first 
introduction  of,  406 ;  extinction 
of,  434;  new,  constantly  intro- 
duced, 438. 
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Specific  gravity,  of  rocks  supposed 
to  be  cQiFerent  in  the  two  hemis- 
pheres, 61 ;  of  sea  water,  139. 

SpectroBoope,  its  use,  248. 

Spectrum,  dark  lines  of,  explained, 
28;  modified  in  upper  part  of 
atmosphere,  247. 

Spectrum  analysis,  11,  28 ;  used  in 
detecting  traces  of  elements,  218. 

Spherical  form  of  heavenly  bodies,  3. 

Spiders,  distribution  of,  395.  < 

Spiral  motion  of  the  air  in  a  storm, 
237. 

Spitzbergen,  glaciers  of,  208. 

Sponges,  distribution  of,  394 ;  fossil, 
413. 

Spree  river,  162. 

Spring,  its  direction  of  advance  in 
Europe,  292. 

Spring  water,  not  pure,  215. 

Springs,  account  of,  213  ;  of  rock 
oil,  222 ;  affected  by  removing 
forests,  457. 

Sprudel  spring,  its  contents,  218 ; 
incrustations,  224. 

Star-fishes,  in  deep  water,  144 ;  dis- 
tribution of,  391 ;  fossil,  414. 

Star-showers,  7. 

Stai's,  their  relation  to  the  solar 
system,  6. 

Statistics,  of  earthquakes,  summary 
of,  355 ;  of  the  human  race,  449. 

Statute  mile  compared  with  geogra- 
phical, 59- 

Staubbach  falls,  192. 

St.  Clair  late,  190. 

St.  Etienne,  coal  mine  burning  there, 
471. 

St.  Gothard  Pass,  181. 

St.  Helena,  135  ;  volcano,  331. 

St.  Jean  de  Maurienne  (Savoy), 
earthquakes  at,  357. 

St.  Laurent  springs,  216. 

St.  Lawrence  river,  170;  earthquakes 
in  valley  of,  351. 

SantaMartlia,mountains  of  (Andes), 
99. 

St.  Michael,  silica  in  waters  of,  221. 

St.  Vincent,  eruption  of,  345. 

Steam,  as  part  of  o-  volcanic  erup- 
tion, 322. 


Steel,  how  made  magnetic,  80. 

Steppes,  112. 

Stettin  lake,  162. 

Stonesfield  slate,  fossil  qaadmpeds 

of,  430. 
Storms,    magnetic,   32 ;    in  Arali: 

Caspian  plains,  113;  of  hail,  199; 

accompany  change  of  monsoons, 

254 ;    general  account  of,  258 ; 

cyclonic,  259 ;   eifect  in  clearing 

the  air,  278 ;  affect  weather,  30£,. 
Storm-waves,  145. 
Strachey,  Capt.,  account  of  the  plaiu 

of  Thibet,  107. 
Strata,  and  stratified  rocks,  42. 
Stratification  of  granite,  not  com- 
mon, 36. 
Stratum  of  invariable  temperature 
,  in  the  ocean,  143. 
Stratus  clouds,  277. 
Stream  currents,  151. 
Streams,  natural  reversed,  465. 
Strokkr,  336. 

StromboK,  volcano  of,  327,  344. 
Strontium  in  water,  218. 
Structural  peculiarities  of  man,  439. 
Struggle  for  existence  among  plants, 

366. 
Stuttgard,  mineral  waters  at,  215. 
Sub-aerial  denudation,  50. 
Subdued  activity  of  volcanoes,  335. 
Sub-marine  eruptions,  392. 
Succession  of  rocks,  33. 
Suffiones,  335. 
Sulphate  of  soda,  deposited  from 

mineral  water,  223. 
Sulphur,  in  mineral  waters,  219  ; 

accumulations  of  during  volcanic 

eruption,  323 ;  iu  volcanoes,  33o. 
Sulphuretted  hydrogen  in  mineral 

springs,  220 ;  in  the  atmosphere, 

234. 
Sulphuric  acid  in  water,  218 ;   in 

mineral  waters,  220. 
Sulphurous  acid  in  the  atmosphere, 

234. 
Suez,  Bay  of,density  of  waters  o^l40, 
Sumatra,  72 ;  volcanic  district  of, 

326 ;  volcanoes,  332. 
Sumbawa,  intense  earthquake  action 

at,  350. 
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fiiunmaty  of  eiirthquake  statistics, 
355. 

Sun,  distance  &oni  earth,  6;  dimen- 
sions, 6 ;  a  sovirce  of  heat  and 
light,  25 ;  a  centre  of  force,  29. 

Siinset,  as  indicative  of  weather, 
307. 

Sunset  effects,  278. 

Superior,  lake,  189: 

Suoer-position  of  rooks,  84. 

Surf,  147. 

Surface  of  the  earth,,  what  it  in- 
cludes, 17  ;  account  of,  69. 

Surinam  reptiles,  398. 

Suspension,  atmospheric  phenome- 
non so  called,  242, 

Suspension  of  clouds,  273,  278. 

Susquehanna  rlTCrs,  170. 

Sussex  rain-fall,  283. 

Sutlej  Talley,  87. 

Sweden,  lakes,  183  ;  earthquake 
baud,  349  ;  races  of  men,  444. 

Swell  of  the  ocean,  its  nnhire,  147. 

Switzerland,  its  mountains,  80;  liiiis, 
102;  Saxon,  104;  Franconian, 
104;  lakes  of,181;  waterfalls,  192: 
ice-marks  in  valley  of,  2US ;  mi- 
neral springs,  216 ;  earthquakes 
of,  355  ;  ancient  lake  tribes,  446. 

Syenite,  37  ;  mode  of  formation,  52. 

Syria,  volcanic  phenomena  of,  330 ; 
result  of  earthquakes  in,  346. 

Syrians,  belong  to  the  Negro  type 
of  man,  443, 


T. 

Table-moxtntain,  clouds  of,  273. 
Taguataga  lake,  drainage  of,  463. 
Tagus  river,  164. 
Taman,  mud  volcanoes  of,  337. 
Tanganyika  lake,  188. 
Tarns,  178. 

Tartary,  steppes  of,  113. 
Tasnian  glacier,  208. 
Tatra,  Mount  (Carpathians),  82. 
Tauius  chain,  86  ;  volcanic,  330. 
Tchad,  lake,  178,  188. 
Teeth,  their  abundance  and  useful- 
ness, as  fossils.  420 ;  afford  indi- 


cations of  the  presence  of  animilli 
in  rocks,  430. 

Teflis,  mud  volcanoes  near,  337. 

Tehany  lake,  185. 

Tehuantepec,  isthmus,  95. 

Telezki  lake,  89. 

Temea  river,  165. 

Temperate  and  torrid  zones,  earth- 
quakes most  common  there,  351. 

Temperature,  increase  of,  in  the  in- 
terior of  the  earth,  9 ;  influence 
on  various  bodies,  12 ;  of  the  sea, 
140 ;  of  salt  water  in  freezing, 
143 ;  of  natural  springs,  217  ;  of 
thermal  springs  not  constant,  <; 26; 
of  atmosphere  diminishes  on  as- 
cending, 237 ;  mean,  291. 

Teneriffe,  uppci"  currents  observed 
there,  252  ;  motion  of  clouds  at, 
271 ;  volcanic  cone,  330. 

Tengiz  lake,  185. 

Terraces  of  Atlantic  bottom,  138. 

Terror  accompanying  earthquake 
action,  846. 

Tertiary  rocks,  49 ;  vegetation  of, 
41 2  ;  birds'  remains  found  in, 
42i) ;  include  remains  of  many 
quadrupeds,  431. 

Thallium,  in  mineral  waters,  223. 

Thames,  valley,  125 ;  river,  155 ; 
effect  of  rain  on  the  stream,  160  j 
account  of  the  stream,  163. 

Thaw,  prognosticated  by  halos,  306. 

Theiss  river,  165. 

Thermometer  as  a  weather  indicator, 
310. 

Thian  Schan  mountains,  90 ;  plains 
to  north  of,  114 ;  volcanoes  of, 
332. 

Thibet,  plains  of,  107 ;  plateau  of, 
111;  gorges  in  valley  of,  133;  In- 
dus rises  in,  171 ;  lakes  in,  186 ; 
almost  rainless,  284. 

Thibetan  type  of  man,  441. 

Thickness  of  earth's  solid  crust,  10, 
137. 

Thistles  of  the  steppes,  122. 

Thompson,  Prof  W.,  on  rigidity  of 
rocks,  10. 

Thrasymene,  lake  183. 

Thun,  lake.  182. 
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Tliunder-BtormB,  258,  265. 

Thar,  river,  163. 

Ti'ier,  river,  164. 

T  lerias,  lake  of,  187. 

1..ino  river,  182. 

Tidal  movementB  in  air,  294. 

Tidal  wave,  derived  from  the  moon, 
4 ;  general  account  of,  146. 

!Eerra  del  Fuego,  72 ;  part  of  the 
rim  of  the  Atlantic  basin,  135 ; 
glaciers  of,  218 ;  volcanoes,  333. 

Tigris  river,  171. 

Time  required  for  the  composition 
of  the  earth's  crust,  9 ;  distribu- 
tion of  earthquakes  in,  351. 

Tin -oxide,  in  water  of  mineral 
springs,  225. 

Titanic  acid  in  water,  225. 

Titanium  in  water,  218. 

Titicaca,  level  of  lake  o^  110  ;  ac- 
count of  lake,  191. 

Tocontins  river,  168. 

Tolima  (Andes),  99. 

Tombigbee  river,  170. 

Tonquin,  Gulf  of,  87. 

Toplitz,  Lisbon  earthquake  affected 
the  springs  of,  357. 

Tornadoes,  259. 

Torquay,  climate  of,  298. 

a\)rren8,  lake,  120, 178, 189. 

Torrents,  160;  diverted  in  Italy, 
465. 

Tortoises,  distribution  of,  371 ;  fos- 
sU,  428. 

Tourmaline,  peculiar  in  the  way  it 
conducts  heat,  23. 

Ti-ade  winds,  252. 

-Transparency  to  heat,  26. 

Transylvanian  mountains,  82. 

Travertin,  blocking  up  springs,  228. 

Tree  ferns,  home  of,  867. 

Trees,  growth  of,  365 ;  of  North 
America,  374 ;  their  effect  on  the 
atmosphere,  454. 

Trent  river,  163. 

Tresa  river,  182. 

Triassic  period,  fossils  of,  429. 

TrUobites,  415. 

Trincheras,  hot  springs  of,  217. 

Trinidad  island  (South  Atlantic), 
73  ;  volcanoes,  331 ;   (West  In- 


dies), naphtha  springs,  222;  mud 

volcanoes,  339. 
Tristan  da  Cunha,  135;  volcanic, 

331. 
Tropics,  plants  of,  367;  importance 

of  rain  in,  281 ;  reptiles,  398. 
Tschar   Dagh    (Balkan),  •SS ;     its 

height,  406. 
Tse  tzse  fly,  range  o^  396. 
Tundra    (Scan(£navia   and   North 

Bussia),  112. 
Tunis,  earthquake  band  including^ 

349. 
Tm-key,  result  of  irrigation  in,  464^ 
Turkistan,  107. 
Turrilite,  418. 
Turtles  in  Pacific   and  Australia^ 

386 ;  fossil,  428. 
Tuscany,  boracic  add  in,  221 ;  car- 
bonate of  lime  in  springs  o^  224. 
Twilight,  phenomena  o^  240. 
Tyfoons,  259. 
Q^ndatl,  Prof.,  on  the  absorption  of 

heat,  27  ;   on  glaciers,  206 ;   on 

boiling  point  of  water  on  top  of 

Mont  Slanc,  237 ;  on  radiation, 

280;  on  ozone,  297. 
Tyrolese  Alps,  80. 

V. 

TTba  river,  89. 

TTllswater  lake,  180. 

Under  currents,  how  produced,  151> 

Undulations  producing  earthquakes, 
346. 

UnhealthinesB  of  certain  climates, 
298. 

Uniformity  of  weather  never  ex- 
isted, 304,  314. 

United  States  counter  current,  153> 

Univalves,  fossil,  417. 

Unter-see  (Constance  lake),  182. 

Upheaval  of  rocks,  43. 

Upper  currents  of  air,  252. 

Ural,  mountains,  84;  river,  173  { 
earthquakes  reach  the,  360. 

Ural-Tau  range,  86. 

Uruguay  river,  167. 

Urumiyah  lake,  185. 
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tTaefolness  of  rivere,  157. 
TTsvmi,  a  pastoral  race,  123. 
TTtah,  lake  of,  109. 
Utensils,  human,  of  great  antiquity, 

437. 
Utica,  snringB  near,  221. 


Vaai  river,  167. 

Val  di  Cliiana,  saved  by  human  con- 
trivances, 465. 

Valdai  hills,  174. 

Valleys,  position  of,  66 ;  general 
account  of,  123 ;  different  kinds, 
124;  howformed,  124, 125;  deep 
gorges  in,  125. 

Vtdparaiso,  snow  line  at,  197. 

Value  of  human  life,  449. 

Vein  lake,  188 ;  earthquake  band 
through,  350. 

Vancouver's  Island,  173. 

Van  Diemen's  Land,  earthquake 
baud  probably  reaches,  351. 

Vapour,  as  a  condition  of  weather, 
22 ;  does  not  allow  heat  to  pass 
through  it,  27  :  atmosphere  of, 
influences  the  barometer,  236  ; 
heat  rays,  249 ;  how  set  fi%e  in 
clouds,  280. 

Varese  lake,  182. 

Variable  winds,  regions  o^  255. 

Variation  of  the  compass  needle, 
31. 

Vegetable  life,  its  great  persistency 
where  possible,  452. 

Vegetation,  of  plains,  122 ;  limits  of, 
favourably  influenced  by  an  insu- 
lar climate,  297,  366;  marine, 
379 ;  fossil,  411. 

Veins  of  granite,  35. 

Velocity  of  sound,  245. 

Venezuela,  mountain  chain  of,  99 
hot  springs,  217. 

Veragua,  Cordillera  o^  96. 

Venmlion  water  in  Bed  Sea  and 
California,  145. 

Vertical  elevations  oompaiatiTely 
small,  62. 

Vertical  reflection,  242. 


Vesuvius,  326,  329;  large  blockt 
projected  from,  321. 

Vibrations,  producing  sound,  and 
those  producing  light,  25 ;  all 
sound  caused  by,  345 ;  mark  the 
direction  of  earthquakes,  348. 

Vichy,  dissipation  of  springs  at, 
217 ;  boracic  acid  in,  221 ;  quan- 
tity of  soda  salts  in,  223  ;  changes 
in  supply,  228 ;  variation  of  quan- 
tity of  water  from  springs,  228. 

Vioo  lake,  183. 

Victoria  JTile,  river,  194. 

Victoria  Nyanza,  level  of.  111 ;  ao> 
count  of  lake,  194. 

Viejo,  volcano  of,  333. 

Vienna,  earthquake  band  reaches, 
349. 

Vigne,  his  measurement  of  the  pla- 
teau of  Deotsuh,  107. 

Vindhya  range,  91, 108. 

Vine,  its  limits  of  ripening,  297. 

Vistula,  river,  161  j  earthquakes  in 
valley  of,  349. 

Vital  energy,  20 ;  connected  with, 
heat  and  electricity,  29 ;  a  form 
offeree,  361. 

Volcanic  action,  lines  of,  326. 

Volcanic  activity  chiefly  along  cer-- 
tain  lines  of  coast,  340. 

Volcanic  dust  contains  organio- 
bodies,  340. 

Volcanic  islands,  73. 

Volcanoes,  of  Central  Asia,  90  j 
mineral  springs  accompany,  215;. 
accoimt  of,  317 ;  cliemical  phe- 
nomena of,  322 ;  distribution  on' 
the  earth,  325 ;  relative  position,. 
827 ;  special  gronps  .■  Etna,  327 ;. 
Vesuvius,  329 ;  Greek  islands  and 
Asia  Minor,  330 ;  Icelandic,  331 ; 
Sandwich  Islands,  319,  833  ; 
South  American,  333 ;  marks  of 
decaying  activity,  335 ;  extinct, 
841 ;  mutual  relations  of,  342. 

Volga,  incursion  of  Huns  on  plains- 
of,  123 ;  river,  174. 

Volterra,  boracic  springs  of,  336. 

Volumeof  natural  springs  varies,226. 

Von  Buch,  on  the  origin  of  volca- 
noes, 340. 
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Von  'Wrangel,  his  opinion  on  the 
Bubjeot  of  open  Polar  sea,  201. 

Vorder  Rhein,  162. 

YSring-foB  watfsrfall,  193. 

Tosges  mountains,  85 ;  glacilres  in, 
211 ;  effect  of  remoTid  of  forests 
o^  455. 


W. 

Waag  river,  165. 

Waldai  hiUs,  103, 112. 

Wales,  mountains  of,  85,102;  lakes, 
180;  ice-marks  in,  209;  irregular 
reflection,  243  ;  rain-fall,  282  ; 
flora,  376. 

Wallace,  Mr.,  his  account  of  the 
Indo  Australian  Archipelago,  461. 

Wallachian  plains,  125;  races  in- 
habiting them,  444. 

Wallenstadt  lake,  182. 

Wallich,  Dr.,  his  deep  sea  dredge, 
137:  on  star-fishes  &om  great 
depth,  144,  391. 

Walrus,  distribution  o^  385. 

Water,  permeates  rocks  at  great 
depths,  9  ;  its  importance  in  the 
economy  of  nature,  16 ;  its  irre- 
gular expansion,  22 ;  not  diather- 
mic, 26 ;  its  energy  as  a  radiant, 
27 ;  fouAd  in  granite,  38  ;  its  in- 
fluence in  metamorphosis,  50 ; 
.general  account  of,  131  to  145 ; 
mineral  and  thermal,  216;  con- 
tains air,  235 ;  always  in  circula- 
tion, 250;  needed  for  volcanic 
action,  340 ;  supplying  natural 
springs  affected  by  forests,  457. 

Waterfalls,  68,  192. 

Waterford,  rain-fall,  283. 

Water-parting,  or  water-shed,  its 
meaning,  157. 

Water  spouts,  259. 

Waves,  of  sound  and  light,  24; 
natm:e,  origin,  and  force  of  oceanic, 
145;  account  of  tidal,  147;  of 
translation,  149 ;  effects  of  during 
a  storm,  264. 

Wealden  rooks,  48. 

Weatho"    '^inges  of  indicated  by 


colour  of  sea  water,  144 ;  affecfai 
yield  of  some  springs,  228 ;  fine, 
when  trade  winds  are  blowing, 
255;  account  of,  302 ;  changes  of 
do  not  involve  changes  of  climate, 
311 ;  never  long  the  same  in  tem- 
perate climates,  314. 

Weathering  of  hills,  101, 

Weight  of  the  air,  234. 

Weissenstein,  storm  seen  from  the, 
265. 

Wells,  Dr.,  on  dew,  269. 

Wenern  lake,  183. 

Werra  river,  162. 

Weser  river,  162. 

West  Indian  islands,  fringing  reet 
71,  73 ;  sihca  in  springs  in,  221 1 
volcanoes  of,  334;  earthquake!, 
355 ;  turtles  of,  386. 

West  winds  of  Australia,  299. 

Western  Thibet,  107;  plains  of,  UL 

Westmoreland  lakes,  180;  d^mata 
of,  298. 

Wetem  lake,  184. 

Whales,  how  distributed,  384 ;  ter- 
tiary species,  432. 

Whirlpools,  154. 

Whirlwinds,  259. 

White  Nile,  166. 

White  sea,  31, 173. 

Wiesbaden  springs,  215. 

Wildbad  spring,  215  ;  contents  o4 
220 ;  titanic  acid  there,  225. 

Wildbad  Gbstein,  water  of,  225. 

Wiltshire  downs,  105. 

Wiuandermere  lake,  180. 

Wind,  direction  of,  and  changes, 
prognosticates  weather,  307. 

Wind  currents,  150. 

Wind  storms,  258. 

Wind  waves,  146. 

Winds,  general  account  of,  249  j 
hot,  257  ;  result  of  when  periodi- 
cal or  opposing  one  another,  296; 
affect  climate,  299 ;  direction, 
change,  and  mode  of  change^ 
foretel  weather,  307  ;  their  direo 
tion  and  force  affected  by  the  re- 
moval of  forests,  456. 

Winnipeg  lake,  109, 189. 

Winnnpegoos  lake,  189. 
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WoUaston  lake,  189. 

Wolves,  effect  of  destroying  them, 

453. 
Wood,  its  conduction  of  heat,  23  ; 

conveyed  to  a  distance  has  carried 

with  it  insect  species,  396. 
Woodland,  quantity  oi^  needed  for  a 

country,  459. 
Woolly-haired  peoples,  440. 
Wurm-see,  183. 
Wurtemherg,  arsenic  in  the  springs, 

of,  221. 


TAMG-TSE-KurtfG  river,  172. 

Tates,  Mr.  Jas.,  his  theory  of  the 
ouise  of  irregaUrity  of  distribu- 
tion of  land,  68. 

Year,  length  o^  6. 


Yellow  nver,  172. 

Yellow  sea,  133  ;  its  colour,  145. 

Yenesei  rivers,  173. 

Yield  of  springs,  216. 

Yorkshire  rain -fall,  283. 

Yucatan,  peninsula  of,  110. 

Yuuuun  (China),  mountains,  91. 


Z. 

Zambesi,  vallev,  125  ;  river,  171 1 

falls  of,  193. ' 
Zante,  Wtunen  nt,  222. 
Zinc,  ores  of  in  liuieatone,  51 ;  ii> 

water,  218. 
Zodiacal  light,  241. 
Zones   of  elevation    correspond  to 

regions  of  depths  in  distribution. 

of  animals,  383. 
Zurich  lake.  181. 
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